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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, O.C. 20460 
.44 HnOIti 	

JUN 12 19.7tJ 

OFFICE OF 

MEMORANDLJM 	 rESYICiDES AtiO TOXIC SUHSThNCES 

SUBJECT: Review of Aquatic ant Da a for Tebuthiuron 

C.r 
FROM: 	J 	. Ake a 	f 

c ogical Effects Branch 
vironmental Fate and Effects Division (H7507C) 

TO: 	Joanne Edwards, PM 74 
Reregistration Branch 
Special Review and Reregistration Division (H7508C) 

The Ecological Effects Branch (EEB) has completed its review of 
four tebuthiuron Tier II aquatic plant growth studies submitted by 
Eli Lilly Company. Extrapolating from recently reviewed tebuthiuron 
residue monitoring studies (refer to an Environmental Fate and 
Ground Water Branch review dated 03-20-90), EEB has estimated that 
concentrations in water may reach 0.54 ppm following terrestrial 
applications at the maximum rate of 6 lb ai/a. This concentration 
exceeds the EC50's for  Lemnaig bba ,  Skeletonema costatum , and 
Navicula pelliculosa . Consequently, aguatic plant testing at the 
Tier III level will be required. 

The following is a brief summary of the phytotoxicity data 
reviewed: 

1. 	CITATION : Negilski, D.S., D.W. Grothe, and P.J. Cocke. 1989. 
Toxicity of Tebuthiuron to Blue-green Alga (Anabaena  f os- 
a ae) in a Static Test System. Prepared by Lilly Research 
Laboratories, Division of Eli Lilly . and Company, Greenfield, 
IN. MIltID No. 410804-01. 

CONCLIISIONS : This study is scientifically sound and fulfills 
the guideline requirement for a Tier II aquatic plant test 
using the blue-green alga  Anabaena costatum. Based on algal 
cell counts on day-5, the EC50 and EC25 values were 4.064 and 
1.69 mg/L, respectively. With aquatic residues of 0.540 ppm, 
this species is n®t expected to be adversely affected by 
tebuthiuron use. 
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2. CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity of 
Tebuthiuron to a Marine Diatom (,Skeletonema costatum ) in a 
Static Test System. Laboratory Project No. J00389. Prepared 
by Lilly Research Laboratories, Greenfield, IN. MRID No. 
410804-02. 

CONCLUSIONB : This study is scientifically sound and fulfills 
the guideline requirement for a Tier II aquatic plant test 
using the marine diatom  Skeletonema costatum . Based on cell 
counts on day 5, the EC50 and EC25 values were 0.050 and 0.031 
mg/L, respectively. With the potential for aquatic residues 
to reach 0.540 ppm, this species is expected to be adversely 
affected by tebuthiuron use. 

3. CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity of 
Tebuthiuron to a Freshwater Diatom ( Navicula pelliculosa ) in 
a Static Test System. Prepared by Lilly Research Laboratories, 
Greenfield, IN. MRID No. 410804-03. 

CONCLUSIONS : This study is scientifically<sound and,fulfills 
the guideline requirement for a Tier II aquatic plant test for 
the freshwater diatom  Navicula pelliculosa . Based on cell 
counts on day-5, the EC50 and EC25 were 0.081 and 0.035 mg/L, 
respectively. With the potential for aquatic residues to reach 
0.540 ppm, this species is expected to be adversely affected 
by tebuthiuron use. 

4. CITATIONs Negilski, D.S. and P.J. Cocke. 1989. Toxicity of 
T ebuthiuron to Duckweed ( Lemnaig bba ) in a Static Renewal Test 
System. Laboratory Project No. J00588. Prepared by Lilly 
Research Laboratories, Greenfield, IN. MRID No. 410804-04. 

CONCLUSIONS t This study is scientifically sound and fulfills 
the guideline requirement for a Tier II aquatic plant test 
using  Lemnai'g bba . Based on 14 day biomass, the EC50 and EC25 
values were 0.135 and 0.066 mg/L, respectively. With a 
potential for aquatic residues to reach 0.540 ppm, this 
species is expected to be adversely affected by tebuthiuron 
use. 
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MRID No. 410804-01 

DATA EVALIIATION RECORD 

1. CHEMICALs Tebuthiuron. 
Shaughnessey No: 105501. 

2. TEST MATERIAL : Tebuthiuron (EL-103, Compound 75503); N-[5- 
(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N'- 
dimethylurea; 99.08% active ingredient. 

3. BTIIDY TYPE : Growth and Reproducti.on of Aquatic Plants, 
Tier 2. Species Tested:  Anabaena flos-acquae . 

4. CZTATION: Negilski, D.S., D.W. Grothe, and P.J. Cocke 1989. 
Toxicity of Tebuthiuron to the blue-green alga ( Anabaena  
flos-aquae ) in a static test system. Prepared and submitted 
by Lilly Research Laboratories Division of Eli Lilly and 
Company, Greenfield, IN. MRID No. 410804-01. 

5. RE9IEWED BY : 

Debra S. Segal, M. S. 	 signature: ~~- t2 LC,  
Associate Scientist 	 ~ 
KBN Engineering and 	 Date: 	 3_ ~ 

Applied Sciences, Inc. 	 ~(}~  

6. APPROVED BY : 	 l/  

Michael L. Whitten, M.S. 	Signature:  
Staff Toxicologist 
KBN Engineering and 	Dates /-/o-Po 
Applied Sciences, Tnc. 

Henry T. Craven, M.S. 	Signature:  
Supervisor, EEB/HED  
USEPA 	 Date: 

7. CONCLUSIONS : This study is scientifically sound and 
fulfills the guideline requirements for a Tier 2 growth and 
reproduction of a non-target green alga test. Based on 
percent inhibition of specific grOwth rate, the EC50 and EC25 
were 15.1 and 2.99 mg/I,, respectively. Based on cell count, 
the NOEC was 0.31 mg/L. 	 w 
~~ y- S E G Sp c« ~Q ~~ Z S v K ~-C S we4.e y, d b a~. (/, G ~ nr.'~L ~ ~.ts~s. tc.~t~~ 

fY . 
S.  RECOMMENDATIONB : N/A. 

9. 	BACRGROIIND : 
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MRID No. 410804-01 

DISCUSSION OF INDIVIDIIAL'TESTSs N/A. 

MATERIALS AND METHODS: 

A. Tsst Species :  Anabaena flos-aquae  used in this test 
came from stock cultures maintained at the Environmental 
Toxicology Laboratory of Eli Lilly and Company. 
Originally, a sample of this species (UTEx No. 1444) was 
obtained fron►  the Starr collection at the University of 
Texas. Stock cultures of  A. flos-aquae  were grown in 
algal nutrient medium and housed in an environmental 
growth chamber (Rheem-Shere, Model CEL 8).. 

B. Dosace : Seven-day growth and reproduction test. 

C. Test System : Test vessels were 500-mL Erlenmeyer flasks 
made of borosilicate glass. Each flask contained 100 ml 
of solution. Temperature and pH of each treatment stock 
solution were measured at test initiation. At test 
termination these parameters were measured in each 
replicate test solution. Total alkalinity, total 
hardness, and conductivity of the aqueous nutrient 
medium were determined on day 0. Cultures were held at 
approximately 24 °C and continuously illuminated at 2 
klux (40 uE/m2/sec). The algal nutrient medium was 
prepared by adding 10.0 ml of each stock solution to 9.0 
L of sterile water, and diluting to 10.0 L. 

D. Test Desictn : Based on a seven-day study, six nominal 
concentrations of Tebuthiuron (0.31, 0.62, 1.25, 2.5, 
5.0, and 10.0) were selected for the definitive test. 
Each treatment level consisted of three replicates. 

An initial tebuthiuron main stock solution was made by 
adding 0.01006 g of test compound (corrected for purity) 
to 1000 ml of aqueous nutrient medium. This solution 
was mixed thoroughly with a mechanical stirrer. 
Individual stock solutions at each exposure level were 
made by adding the appropriate amounts of main stock 
solution and aqueous nutrient medium to a 500-m1 
Erlenmeyer flask. 

A 1.0-m1 sterilized pipette was used to transfer the 
appropriate volume of algal inoculum to each test flask 
in order to achieve a cell population density of 10,000 
cells/ml. Each flask was capped with aluminum foil to 
prevent contamination while allowing free gas exchange, 
and placed in an environmental growth chamber for seven 
days. A11 flasks were agitated once a day to prevent 
the cells from clumping together. The location of each 
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MRID No. 410804-01 

flask in the growth chamber was randomized on a daily 
basis to avoid possible light "hot spots". 

Samples were collected for tebuthiuron analysis at test 
initiation from the treatment stock solutions that were 
used to fill each replicate flask. At test termination 
(day 7), samples were collected by filtering each test 
solution through a 0.7-um glass-fiber membrane filter to 
remove algal cells. Filtrates from treatment replicates 
were pooled and submitted for analysis of tebuthiuron. 

The water samples were membrane filtered and diluted 
with methanol and mobile phase as appropriate to yield 
concentrations approximately that Of analytical 
standards (0.4 ug/ml and 0.1 ug/ml) prepared in the same 
manner. Tebuthiuron was then assayed directly using 
high performance liquid chromatography. The 
chromatography was accomplished using a 4.6 mm X 250 mm 
Alltech C18-RP (10 um) column with 65:35 methanol:water 
mobile phase. The tebuthiuron was quantified by 
comparison to a tebuthiuron referenee standard. 
Injections of 200 uL of 0.1 ug/ml (equivalent to 0.02 ug 
of tebuthiuron) permitted a limit of quantitation of 
approximately 0.012 mg/L for control water assayed i.n 
the same manner as the lowest level test sample. 

Reproduction in the algal cultures was determined by 
quantifyi.ng  cell populations on days 1, 2, 3, 4, 5, 6, 
and 7. A compound microscope and hemocytometer were 
used to enumerate the algal cells. Cell counts were 
expressed as number of algal cells per milliliter of 
solution (cells/ml). Each day it was necessary to 
sonicate a sample of the algal cells in order to break 
up clumps of cells. Approximately 1 ml of soluti.on from 
a test vessel was placed in a glass liquid scintillation 
vial. The vial containing the solution was sonicated 
for approximately 20 minutes prior to counting on a 
hemocytometer. The limit of detection for this counting 
method was 104 cells/ml. To obtain a direct measure of 
algal biomass, dry weight of the algal cells in each 
flask was determined on day 7. A measured volume of 
solution from each flask was passed through a preweighed 
glass-fiber filter. Each filter was dried at 105 °C for 
24 hours and reweighed. Dry weight of the algal cells 
was determined by calculation and expressed as 
milligrams of dry weight per milliliter of test solution 
(mg/ml ) - 
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MRID No. 410804-01 

E. 8tatistics: A one-tailed Dunnett's t-test was used to 
detect treatment responses that were significantly 
different (p<0.05) from those of the control. To define 
the no-observed-effect concentration (NOEC), individual 
Dunnett's t-tests were performed on specific growth 
rates, on algal cell count data from day 7, and on the 
algal biomass data obtained from dry weight measurements 
on day 7. The specific growth rate of each replicate 
culture was determined as the Slope of the growth curve 
(cell count versus time) during the logarithmic phase of 
algal reproduction (days 0 to 3) using the following 
regression equation: 

loglo  (N) = Rt + log lo  (No) , where 

N = cell count (cells/ml), 
R = specific growth rate (1/day), 
t = time (days), and 
No = initial cell count (10 4  cells/ml). 

The median effective concentration was defined as the 
concentration of tebuthiuron that caused 50°s inhibition 
of the specific growth rate of treated algal 
populations. The percent inhibition of specific growth 
rate at each tebuthiuron concentration was calculated 
with the following equation: 

R.-Rt  
IR = -- --- X 10o, where 

Rc  

Ig = percent inhibition based on specific growth rates, 
Rc  = mean of the specific growth rates of three 

replicate control cultures, and 
Rt  = mean of the specific growth rates of the three 

replicate cultures at each treatment level. 

A linear regression of percent inhibition versus the 
logarithm of the average analyzed tebuthiuron 
concentration was used to obtain the median effective 
concentration. The 95% confidence interval around the 
regression line was generated using SAS, and a graph of 
the regression line and associated confidence limits was 
obtained. The 95% confidence limits for the median 
effective concentration (ECgo) were obtained by graphic 
interpolation. 

4 

i~ 



MRID No. 410804-01 

12. REPORTED RESULTS : 

No significant decrease in specific growth rate relative 
to the control was observed at a mean tebuthiuron 
concentration of 0.31 mg/L (Table 3; attached). At mean 
tebuthiuron concentrations of  >  0.62 mg/L, specific 
growth rates were significantly lower than those in the 
control. Algal growth rates at tebuthiuron 
concentrations  >  0.62 mg/L ranged from 0.562 to 0.370 
day -1 , compared to 0.634 day -1  for the control. Based 
on specific growth rate, t$e NOEC for tebuthiuron was 
0.31 mg/L. 

Significant decreases in algal cell count and algal 
biomass occurred at tebuthiuron concentrations >0.62 
mg/L (Table 4' attached). No significant reductions in 
algal cell counts or algal biomass occurred on test day 
7 at a tebuthiuron concentration of 0.31 mg/L. 

No significant reductions in algal biomass were observed 
at an average analyzed tebuthiuron concentration of 0.31 
mg/L, where the mean dry weight value was 0.056 mg/ml 
compared to the control biomass of 0.04 mg/ml. 
Significant decreases in algal biomass occurred at 
tebuthiuron concentrations >0.62 mg/L. At tebuthiuron 
concentrations of 0.62, 1.32, 2,62, 5.49, and 11.05 
mg/L, mean dry weight values were 0.036, 0.027, 0.018, 
0.012, and 0.007 mg/ml, respectively. Based on algal 
cell count and biomass at test termination, the NOEC for 
tebuthiuron was 0.31 mg/L. 

Using the logarithm of the average analyzed tebuthiuron 
concentration and the percent inhibition data for 
tebuthiuron concentrations  >0.62 mg/L (Table 3), a 
linear regression model (y = mx + b) was used to 
estimate the median effective concentration. According 
to this analysis, the median effective concentration of 
tebuthiuron was estimated to be 30.9 mg/L with 95% 
confidence limits of 12.6 and 229 mg/L (Figure 2; 
attached). The slope of the regression line was 22.4, 
the y-intercept was 16.5, and the coefficient of 
determination (RZ) was 0.92. 

13. STUDY AIITHOR'S CONCLUSIONS/OIIALITY ASSURANCE MEASURES: 
"Based on specific growth rate, algal cell count, and 
mean dry weight, the NOEC of tebuthiuron was 0.31 mg/L 
for the blue-green alga,  Anabaena flos-aquae . These 
same parameters were significantly reduced relative to 
the control cultures at tebuthiuron concentrations >0.62 
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MRID No. 410804°01 

mg/L. Using the specific growth rate during the 
logarithmic phase of reproduction as an indicator of 
algal growth, the median effective concentration with 
95% confidence limits was estimated to be 30.9 (12.6, 
229) mg/L. The slope of the regression line was 22.4. 1' 

A GLP compliance statement was incluCded in the report and 
the study was audited by Lilly research Laboratories° 
Quality Assurance Unit. A statement of quality assurance 
was included in the report, indicating that the study was 
conducted in accordance with U.S. EPA Good Laboratory 
Practice Standards. 

14.  REVIEWER'S DISCUSSION AND INTERPRETATION OF STIIDY RESULTS : 

A. Test Procedure: The test procedure and the report were 
generally in accordance with the SEP and Subdivision J 
guidelines, except for the following deviations: 

o The maximum label rate was not provided in the 
report. 

o A 25% detrimental effect 1eve1 was not provided in 
the study although it was calculated to be 2.99 mg/L. 

o Aluminum foil was placed on the top of each flask to 
"prevent contamination while allowing free gas 
exchange". Although not stated in the SEP, aluminum 
foil probably did not allow for free gas exchange. 

B. Statistical Analysis : The reviewer recalculated the 
EC50 value using linear regression by plotting the log 
of inean measured concentration against the percent 
inhibition of specific growth rate expressed as probits 
(attached) and obtained a value of 15.1 mg/L rather than 
30.9 mg/L as reported by the authors. An EC 25  value was 
calculated by the reviewer to be 2.99 mg/L. Dunnett's 
test was performed to compare cell counts and algal 
biomass at each treatment level to those of the solvent 
controls (attached). The results showed that 
concentrations of 0.62 mg/L reduced the cell counts of 
A.  flos-aquae  at test termination (day 7). The NOEC was 
calculated to be 0.31 mg/L. 

C. Discussion/Results : The 7-day EC50 value of tebuthiuron 
(EL-103) was 15.1 mg/L based on % inhibition of specific 
growth rate. Based on the reduction of both cell counts 
and algal biomass, the no-observed-effect concentration 
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MRID No. 410804-01 

(NOEC) was determined to be 0.31 mg/L nominal 
concentration. 

D. Adequacv of the Study: 

(1) Classification: Core 

(2) Rationale: Although the test procedures deviated 
from the guidelines, the reviewer does not believe 
they significantly affected the validity of the 
toxicity results. 

(3) Repairability: N/A 

15. COMPLETION OF ONE-LINER: Yes, 01-05-90. 
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lewis tebuthiuron Anabaena 5—day 

CONC. NUMBER NUMBER PERCENT BINOMIAL 
EXPOSED DEAD DEAD PROB.(PERCENT) 

11.05 100 80 80 0 
5.49 100 46 46 0 
2.62 100 40 40 0 
1.32 100 38 38 0 
.62 100 0 0 0 
.31 100 0 0 0 

BECAUSE THE NUMBER OF ORGANISMS USED WAS SO LARGE, THE 95 PERCENT 
CONFIDENCE INTERVALS CALCULATED FROM THE BINOMIAL PROBABILITY ARE 
UNRELIABLE. USE THE INTERVALS CALCULATED BY THE OTHER TESTS. 

AN APPROXIMATE LC50 FOR THIS SET OF DATA IS 5.932558 

RESULTS CALCULATED USING THEJMVING 4V~RAGE..11ETHQ1Y 
SPAN 	G 	 ~1~50 ,. 	95 PERCEfVT CONFIDENCE L ~MITS 
4 	1.709484E-02 	3.235655 

RESULTS CALCULATED USING 
ITERATIONS 	 . G 

GOODNESS OF FIT PROBABILITY 
5 

C~7 

THE PROBIT METHOD 
H 

.4675192 	10.22091 
p9 	G 

0 



SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED 
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED. 

rPEORCENT CONFIDENCE LIMITS =.56343 	AND 	2.999806 

_ PFR~~ __... _~CE LIMITS = 1.9~ ~ 845i ~ / D 16958471 

PER[,ENT CONFIGENCE LIMITS = .0389392 AND 1.717353 

lewis tebuthiuron anabaena 7—day 

CONC. NUMBER NUMBER PERCENT BINOMIAL 
EXPOSED DEAD DEAD PROB.(PERCENT) 

11.05 100 88 88 0 
5.49 100 68 68 0 
2.62 100 55 55 0 
1.32 100 52 52 0 
.62 100 17 17 0 
031 100 0 0 0 

THE BINOMIAL TEST SHOWS THAT .62 AND 1.32 CAN BE 
USED AS STATISTICALLY SOUND CONSERVATIVE 95 PERCENT 
CONFIDENCE LIMITS, BECAUSE THE ACTUAL CONFIDENCE LEVEL 
ASSOCIATED WITH THESE LIMITS IS GREATER THAN 95 PERCENT. 

AN APPROXIMATE LC50 FOR THIS SET OF DATA IS 1.268473 

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD 
SPAN 	G 	 95 PERCENT CONFIDENCE LIMITS 
5 	1.336607E-02  

~..~ < 49422  

RESULTS CALCULATED USING THE PROBIT METHOD 
ITERATIONS 	 G 	 H 

GOODNESS OF FIT PROBABILITY 
5 	 .236495 	5.832722 

0 
A PROBABILITY OF 0 MEANS THAT IT IS LESS THAN 0.001. 

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED 
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED. 

~~x~  

95 PERCENT CONFIDENCE LIMITS =.8909471 	AND 	2.577848 

ir  ~ G. Zr De 90q  0%,"?UENT __... ___..CE LIMITS = 1.243045 AND 4.15792 

NT i3ONFIDENCE LIMITS = 7.650377E-02 AND .8157778 	̀ 



slnpe = 	1.781618 LC50 = 	4^064124 LC25 = 
1^69g295 

Slopa = 	1.734398 LC50 = 	2^213825 LC25 = 
^9040352 

tebuthiuron anabaena 5-day 
File: a:\anae ' 	Tran5form: NO TRANSFORM 

~ 	 ANOVA TABLE ______________________________________________________________________________ 

SOURCE 	DF 	 Ss 	 MS 	F 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ------------------------------------------------- 
Betueen 	6 	3803347,619 	800557^937 	85^736 
Uithin (Error) 	14 	98086^687 	7004^762 _________________ _ ____________________________________________________________ 

~ Total 	 20 	3701414^286 ___________________________________________-_______________-_______-________-_ 	. 
Critical F value = 	2~85 (0,05 ^ 8,14) 
Since F > Critioal F REJECT Ho:All qroups equal 

tebuthiuron anabaena 5 -day  
File: a-.\anae 	Transform: NO TRANSFORM 

DUNNETTS TEST 	- ______________-_____--____________________________________________-___-_____ TABLE 1 OF 2 Ho:COMtrol<TreatQment ' 
TRANSFORMED MEAN [MLCULATED IN 

GROUP ----- IDENTIFTCATION -------------------- MEAN ----------- ORIGINAL UNITS ------------------ T STAT ------ STG --- 
1 C> 1410^000 141[)^000 
~ ~31 1461^667 1461^667 -0.756 
3 ^62 1450°000 1450^000 -0.585 
4 888^333  868^333 7.926 * 
5 2,62 840^000 840^000 8^341 * 
8 5,49 766^687 786.667 9^414 * 
7 11.05 278^333 ____________________________________________________________________________ 278^333 18^560 * 

Dunnett 	table value = 	2^53 (1 	Taile6 Value ^ 	P=0^05 ^ 	df=14,6) 

tobuthiuron anabae ~~ 5
-day 

File: a:\anae 	.,_Transform% NO TRANSF[>RM 
DUNNETTS TEST 	- 	TABLE 2 OF 2 	Ho:[ontrol<Treatment ____________________________________________________________________________ 

~ NUM OF Minimum Sig Oiff % of DIFFERENCE 
GROUP _____ IDENTIFTCATION ____________________ REPS _______ (IN ORIG^ 	UNTTS) ________________ CONTROL _______ FROM CONTROL ____________ 

1 0 3 
2 ^31 3 172~891 12^3 -51 ^667 
3 ^62 3 172.891 12°3 -40.000 
4 1.32 3 172^091 12^3 541.867 
5 2.62 3 172.891 12^3 570^000 
6 ~`~9 3 172^ ~~ 1 12^ ~ 843.333 
7 ~ 11^e5 3 ------------------------------------------------------------------------------ 172^891 12^3 1131.667 

~ ~~ 

~~ 	 /0 



ESTIMATED Y 
3.392307 
3.67891 
3.992174 - 
4.274969 
4.581567 
4. 870075 

ERROR 
-.2723072 
9.108996E-02 
.367826 
1.503134E-02 

-.1315675 
-7.007456E-02 

I U—jr© rl\ 

►  

q, 

5-0: 

D 	so) 

inv.. lo~ -t-  Is ,  1. 

ECS-0  -- 15, 1 M~IL 

(q,a-3 -3,0,ovl~ 
0. 9 

i R\j , lo 
D 
 :- gqq 

GC 	Rq 

3. DELETE SOME OF THE DATA 
4. PERFORM REGRESSION ANALYSIS 
S. STORE DATA 
6. GO TO PROGRAM MENU 
7. DO ANOTHER REGRESSION 

OPTION ? 4 

R89RFSgtbk 84UATION: 
Y=..Z.876962 + .4,01'699 X 

COEFFICIENT OF CORRELATION= .9300662 

PRESS ENTER TO CONTINUE.'? 
ACTUAL VERSUS ESTIMATED VALUES 
X=Iogconc Y=probit 

DATA POINT 	x 	 y 
1 	 -.509 	 3.12 
2 	 -.208 	 3.77 
3 	 .121 	 4.36 
4 	 .418 	 4.29 
5 	 .74 	 4.45 
6 	 1.043 	 4.6 

PRESS ENTER TO CONTINUE? 

- - • "
1 ^ 1  \/C%TCZ 
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Analysis pf Variance 	 File: tebana 	 Date: 01-03-1989 

FILTER: None 

N's, means and standard deviatipns based on dependent variable: COUNT 

* Indicates statistics are collapsed over this factor 

Factprs: 	C N Mean - CC 0 S.D. 
* 21 1399.5238 lDm""  771.0705 
1 3 2325.0000 107.5872 
2 3 2360,0000 47.6970 
3 04Z 3 1926.6666 43.1084 
4 /^W 3 1118.3334 28.8675 
5 Y.WZ 3 1051,6666 16.0728 
6 V.Wq 3 733.3333 53.4634 
7 //.OS 3 281.6667 16.0728 

Fmax for testing homogeneity of between subjects variances: 	44.81 
Number of variances= 7 	df p}er yariance= 	2. 

Analysis of Variance 	 Qependent variable: COUNT 

Source 	 df 	SS (H) 	MSS 	F 	P 
Between Gubjects 20 11890994.0000 

C (CONC) 	 6 11851162,0000 1975193.6200 694.234 0.0000 
Subj w Groups 	14 	39832.0000 	2845.1428 
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Analysis of Variance 
	

File: tebana 
	

Date: 01-03-1989 

FILTER: None 

Post-hoc tests for factor C (CONC) 

Lovel 	Mean 	Level 	Mean 
1 	2325.000 	6 	733.333 
2 	2360.000 	7 	281.667 
3 	1926.667 
4 	1118.333 
5 	1051.667 

Comparison Tukey-A* Dunnett 
1<2 
1 > 3 0.0100 0.0100 
1 > 4 0.0100 0.0100 
1 > 5 0.0100 0.0100 
1 > 6 0.0100 0.0100 
1 > 7 0.0100 0.0100 
2 > 3 0.0100 N.A. 
2 > 4 0.0100 N.A. 
2 > 5 0.0100 N.A. 
2 > 6 0.0100 N.A. 
2 > 7 0.0100 N.A. 
3 > 4 0.0100 N.A. 
3 > 5 0.0100 N.A. 
3 > 6 0.0100 N.A. 
3 > 7 0.0100 N.A. 
4 > 5 N.A. 
4 > 6 0.0100 N.A. 
4 > 7 0.0100 N.A. 
5 > 6 0.0100 N.A. 
5 > 7 0.0100 N.A. 
6 > 7 0.0100 N.A. 

* The only possible P-values are .01, .05 or .10 (up to 0.0500). 

For Dunnett's test only the P-values .05 and .01 are possible 
and only for comparisons with the control mean (level 1). 
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Analysis of Variance 
	 File: tebana 

FILTER: None 

N's, means and standard deviations based on dependent variab1e: 	INHIB 

* Indicates statistics are collapsed over this factor 

Factors: C N Mean~ 	bwVl55 S.D. 
* 21 0.0278 0.0162  
1 	00001 3 0.0397 0.0025 
2 	C).~Aml; /L 3 0.0553 ,  0.0012 

 3 	6"02 3 0.0357 0.0006 
4 	\ ` IZ 3 0.0267 0^0015 
5 	1`t*7~ 3 0.0177 0.0025 
6u~ ~~' ^' Z 0.0123 ~ 0 O021 . 
7 3 0^ 007V 0. 0010 "  

Fmax for testing homogeneity of between subjects variances: 19.00 
Number pf variances= 7 	df per yariance= 2. 

Analysis of Variance 

Source 	 df 
Between Subjects 20 

C (CONC) 	 6 
Subj w Groups 	14  

Dependent variable: INHIB 

SS (H) 	MSS 	F 	P 
0.0053 
0.0052 	0.0009 276.281 0.0000 
0,0000 	0.0000 

/ 
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Analysis of Variance 
	

File: tebana 
	

Date: 01-03-1989 - 

FILTER: None 

Post-hoc tests for factor C (CONC) 

Level Mean 	Le«el 	Mean 
1 0.040 	6 	0.012 
2 0.055 	7 	0.007 
3 0.036 
4 0.027 
5 0.018 

1 < 2 0.0100 0,0100 
1>3 
1 > 4 0.0100 0~0100 
1 > 5 0.0100 0.0100 
1 > 6 0.0100 0.0100 
1 > 7 0.0100 0.0100 
2 > 3 0.0100 N.A. 
2 > 4 0.0100 N.A. 
2 > 5 0.0100 N.A. 
2 > 6 0.0100 N.A. 
2 > 7 0.0100 N.A. 
3 > 4 0.0100 N.A. 
3 > 5 0.0100 N.A. 
3 > 6 0.0100 N.A. 
3^> 7 0,0100 N.A. 
4 > 5 0.0100 N.A. 
4 > 6 0.0100 N.A. 
4 > 7 0.0100 N.A. 
5 > 6 0.0500 N.A. 
5 > 7 0.0100 N.A. 
6 > 7 0,0500 N.A. 

* The only possible P-values are .01, .05 pr .10 (up to 0.05001. 
A blank means the P-value is greater than 0.0500. 

For Dunnett's test pnly the P-values .05 and .01 are possib1e 
and only for comparisons with the control mean (level 1). 
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~ 	TASLE 3. INBIBITiUN OF  Anabaena flos—aquae  REPRODUCTION BY 
TE$UTHItTcJN DURING THE LOGA1?ITHMIC GROVTH PHASE 
(DPYS 0 T0 ~3) AS MEASURED BY SPECIFIC GROSITH RATE. 
STUDY J00489. 

Average Analyzed Specific 
Tebuthiuron Grovth_~atea 	 Percent b  

Concentration (mg/L) (day 	) 	 Inhibition 

ND 0.634 	 0.0 
(Control) +0.020 

	

0.31 	 0.615 	 3.0 
+0.005 

	

0.62 	 0.562* 	 11.4 
+0.018 

	

1.32 	 0.469* 	 26.0 
±0.016 

	

2.62 	 0.480* 	 24.3 
f0.014 

~ 	5.49 	 0.451* 	 28.9 
=0.029 

	

11.05 	 0.370* 	 41.6 
;0.012 

* Significantly reduced compared to the control value (p:P.05). 

a  Mean ± SD, n= 3. The grovth rate of each replicate culture vas 
estimated vith the regression equation: 1og 10(N) = R•t + 1og10(NO)' 
vhere N = cell count (cells/ml), 

R = specific $rovth rate (1/day), 
t = time (days), and 
NO  = initial cell count (10 4  cellsJml). 

R -R 
b  Calcuiated by the equation: IR = c t  x 100, 

R 
srhere IR ' percent inhibition based on average specific grovth rate, 

Rc  = mean of the specific grovth rates of three replicate 
control cultures, and 

R t  = mean of the specific gro*ath rates of the three replicate 
cuitures at each treatment le.nl. . 
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~ TABLE 4. 	ALGAL CELL CQUNTS AND BI6HASS 4F Anabaena flos-aquae 
POPULATIONS EXPOSED TO TEBITfH3URON FOR SEVEN DAYS. 
STUDY J00489. 

Average Analyzed Algal Biomass Cell Counts 
Tebuthiuron 0q Day 7 On Day 7 

Concentration (mg/L) (10 	cells/ml) (mg/ml) 

ND 2325 0.040 
(Control) ± 108 +0.003 

0.31 2360 0.056 
a. t 	48 +0.001 

0.62 1927* 0.036* 
t 	43 ±0.010 

1.32 1118* 0.027* 
f 	29 ±0.002 

2.62 1052* 0.018* 
± 	16 ±0.003 

~ 5.49 733* 0.012*  
± 	54 ±0.002 

11.05 282* 0.007* 
± 	16 ±0.001 

a  Mean ± SD, n=3. 	Measured as dry veight of algal 
cells. 

* Significantiy reduced compared to the vater control 
(pd).05). 

31 

103****/******/TWALGA/AM/****/76(C) 

?-.--~ 	I q 



o7Y ; ~~h~tess~~ No.  /8,55 	_0 (  chcaica.l Nava  ~e+D~~l~>>~-; ` 	Chxsaical Glnxs 	4ags, ot 

Study/Species/Latb/ p~~~ Etsvier~i.rc/ 	valld 
ccess•ion  ~ ~ .1. '  taearslts. Z~a 	Stxi  

14 -Day Sit~ gle 
~ 	 . 

Dose Oral LD 
SD 

9'~` C ~
.  

t.tS'o ° 	• n"9/Sc9 	( 	
• 
	Contr. Fbrt, (.t)+ . 	. . 

.S p ec i es , glcpnr 	 # A11imLI3/tlbVt•L"r 	 Ao7f,(*ay3) !~ 

1L2M nosa, te.wa. mcrLkr{/(X h»str.lLty)  Lab  
. 

• , 
, 

. 
. 

Acc . Cmmcntsi 

14 -Day Single Dose Ora1. LDSC t,p54 	
9SX C.L  	

Cort~. Mort,tx) ~ • 

S(! e c i e s 51 apr+ 	 An ia%i.s/LevsLW 	 Aq+t(  tiays ) r 
. 

LaU  14~-~•y D~ Gcvs.l nx~/k~/(X Mdr~►llbl 	 • 

$-Day DieCary LCSp 9sJK C.L.  
t;t34 = 	pgo 	t 	 V. 	C®ntr. Mozt. (;.X) # 

-Species 
S•1cpe. 	~ 'Animals/La~+.l~ 	 • 	ABstD"ly • • 

• 	 Sex = 
Lab  4-3la•Y Zpsa• LAatt1 CC+*/(•YM_oCf31.l ~:Y)  °~•.~°~ ° ----w 

• t 	!. 	t 	!, 	t 	. 	1. 	t 	!. ~~ • ; ~ . 

Acc . c,orr~r4nts :  
8-Day Dieta,ry LC5 0  95X C,t~  

t.6o • 	PPca 	 Cortl.r. 1'b#'u...( ~) *~ 

Spacies 
S1a~r" 	dt M~,cals/t~vt.t' 	 ARe.trisYs)v 

Lab  'DOsa. Le•va1 yPn/{XNwrta.11ty)  

Acc. . 	• C=mmts: ' 
,  

48 •-1•lour LC54 
 

~  9sX e  c.  
.,  

	MTL}t.Y)w lG~SO . ~ 	pp—  t
,  

• 
Species Sol. C®ntr. Mos*l~.~IX)• 

i~.~.i= 	. ~• a~,~ 

~ 	 '. . • 	 , 

Lab 4g4aar Lbst Le.ye z rxs 	Xtforta.li'EY)  
. 	) , 	t 	l . 	• t 	) ~ 	~ 	) ♦ ' --~—) . 

96-~ccTr--LC50  9sx c,c.  
15. 	 r~o~{x). lWP Easo * 	! 	pp ;,"1 t 	 ) 	Con.` 

sol. ; Ccn. Har.(,~3~ •tNfB Spacies  (~~  R
a 

4 
	 ~ 	

o  

~l; l; ~ ly, 
y .08of  _.~. t-~ 

	•. 	C 
96•~e~ar ~ LavsL 

b  '  
Lab 

' 	 0  0,31 	3.0 	+ ~ .c~2 	it.4 )+ i.3,2 	a.io.c {ZSoZ (6143. ) +5,'f`l ~ 	~~~ .It.oSt41,c~~ 

Acc. 	0$o'j-0l Cmments: 	J_ 	 re.a; 1 _1~1-1:~r~1t1) 
yo-iYour i,t.;50. 	 . 	 SSX C. 

t,GSA • 	pp_ , ~_~ ~ 	 CAt1. MetlE. (X)'~ 
S p ec i es 	 Sol. Cae1. mcrt. (X) x 

•S1cQa• 	# 14~~t1s/f.~vaL:. 	 ~ 

Lab 	 ' _.~.~ 	
~P''•  ~ ' 	~~. •_.._. 

9b-{iour JSxss Gysi ~~(,,i~torEt4itj.y)' , 
' 	t 	) • 	t 	)+ 	' t 	)+ 	t 	) r 	• t 	+~ 

AcO:. 
. 	 C~'a~•ttt'1 i 	 ' 	' ' 	. 

~ 	. 	 -. 	 • 	 ~ • 	 . ~ 	• 



MRID No. 410804-02 

DATA EVALIIATION RECORD 

1. CHEMICAL: Tebuthiuron. 
Shaughnessey No. 105501. 

2. TEST MATERIAL: Technical tebuthiuron (EL-103, compound 
75503); chemical name: N-[5-(1,1-dimethylethyl)-1,3,4- 
thiadiazol-2-y1]-N,N'-dimethylurea; Lot No. 729-AS7; 99.08% 
active ingredient. 

3. STUDY TYPE : Growth and Reproduction of Aquatic Plants -- 
Tier 2. Species Tested:  Skeletonema costatum . 

4. CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity 
of Tebuthiuron to a Marine Diatom ( Skeletonema costatum) in 
a Static Test System. Laboratory Project No. J00389. 
Conducted by Lilly Research Laboratories, Greenfield, 
Indiana. Submitted by Elanco Products Company, MRID No. 
410804-02. 

S.  REVIEWED BY : 

Prapimpan Kosalwat, Ph.D. 
Staff Toxicologist 
KBN Engineering and 
Applied Sciences, Inc. 

5.  APPROVED BY : 

Michael L. Whitten, M.S. 
Wildlife Toxicologist 
KBN Engineering and 
Applied Sciences, Inc. 

Henry T. Craven, M.S. 
Supervisor, EEB/HED 
USEPA 

signature: P. K050AWO-Y 

Date: 	 ~ o ~ t ~~i o 

1~ r~ ~ r1 23 ~ 90 

signature;  

Date : /-/ o - yo 

aignature.,  	SJ 
Date: 

7.  CONCLIISIONS : This study is scientifically sound and 
fulfills the guideline requirements for a Tier-2 growth and 
reproduction test using a marine diatom. Based on the cell 
counts on day 7, the EC25 and EC50 values of tebuthiuron.for 
Skeletonema costatum  were 0.036 and 0.067 mg/L mean measured 
concentrations, respectively. Based on the cell counts and 
biomass on day 7 and the calculated EC25, the NOEC value was 
determined to be <0.036 mg/L mean measured concentration., 

G-ezs v~l~ei -e.c, o:o.5 *,-4  O,o3/ +~y/LpnLeWc.-̀ tttic (y. 
8,  RECOMMENDATIONB : N/A. 

1 	 q lt rs . 
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MRID No. 410804-02 

9. BACRGROUND : 

10. DISCUSSION OF INDIVIDUAL TESTS : N/A. 

11. MATERIALS AND METHODS : 

A. Test Species : The marine diatom,  Skeletonema costatum , 
used in this test came from stock cultures maintained 
at the testing facility. The original culture was 
obtained from the Starr collection at the University of 
Texas. Stock cultures were held in an environmental 
chamber at a temperature of approximately 20 °C under a 
photoperiod of 16 hours of light and 8 hours of 
darkness. The light intensity was approximately 4 
klux. 

The marine algal nutrient medium used in maintaining 
stock cultures and testing was the Aquil medium 
described by Morel  et  al., (1979). Procedures used to 
prepare the nutrient medium were taken from Walsh 
(1988). The pH of the medium was adjusted to 
approximately 8.0 using NaOH or HC1. 

B. Dosaae : Seven-day growth and reproduction test. 

C. Test System and Design : Test vessels were 500-m1 
Erlenmeyer flasks, each containing 100 ml of an 
appropriate test solution. Based on a pilot study, 
seven nominal concentrations of tebuthiuron (0.002, 
0.01, 0.02, 0.04, 0.08, 0.16, and 0.32 mg/L) and a 
control were employed in the definitive test. Three 
replicates were included at each treatment level and 
the control. 

The test was initiated when an inoculum was added to 
each flask, yielding a cell population density of 
10,000 cells/ml. Each flask was capped with aluminum 
foil to prevent contamination while allowing free gas 
exchange. The flasks were placed in an environmental 
growth chamber. The temperature, photoperiod, and 
light intensity employed during the test were the same 
as those used for culturing. The flasks were agitated 
once a day to minimize clumping of cells. The location 
of each flask in the growth chamber was randomized 
daily. 

A compound microscope and hemocytometer were used to 
perform cell counts (cells/ml) on days 1, 2, 3, 4, 5, 
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MRID No. 410804-02 

and 7. The dry weight of diatom cells in each flask 
was determined on day 7 aa a direct measurement of the 
biomass (mg dry weight/ml of test solution). 

Test solution samples were collected at test initiation 
and termination for tebuthiuron analysis, using high 
performance liguid chromatography (HPLC). The samples 
from treatment replicates at test termination were 
filtered and pooled before the analysis. The 
temperature and pH of each test solution were measured 
at test initiation. At test termination, these 
parameters were measured in each replicate test 
solution. Total alkalinity, total hardness, and 
conductivity of the aqueous nutrient medium were 
determined on day 0. 

E. statistics; To determine the no-observed-effect 
concentration (NOEC), treatment responses (i.e., 
specific growth rates, cell counts on day 7, and 
biomass on day.7) were compared to the control 
responses using a one-tailed Dunnett's t-test. The 
specific growth rate of each replicate culture was 
determined as the slope of the growth curve during the 
logarithmic phase using the following equation; 

log (N) = (R x t) + log (N o ) 

where: 	N = cell count (cells/ml), 
R = specific growth rate (day-1 ) , 
t = time (days), and 
No  = initial cell count (10,000 cells/ml). 

The percent inhibition of specific growth rate at each 
tebuthiuron concentration was calculated using the 
following eguation: 

IR  = R,  - Rt  x 10 0 
R. 

where: IR  = percent inhibition based on specific 
growth rate, 

R, = mean of the specific growth rates of the 
three-replicate control cultures, and 

Rt  = mean of the specific growth rates of the 
three-replicate cultures at each 
treatment level. 

The median effective concentration (EC50) and its 
corresponding 95% confidence limits were determined by 
a linear regression of percent inhibition versus the 
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logarithm of inean measured concentrations using SAS 
program. 

12. REPORTED RESULTS: Dur-ing the test, the temperature remained 
between 18.5 and 21.3 °C in all solutions. However, the mean 
temperature of all test solutions temporarily increased to 
24.8°C at test initiation but was promptly adjusted to 
20.50C within 3.5 hours. The pH of treatment solutions 
ranged from 7.9 to 8.1 and 8.4 to 8.7 at test initiation and 
termination, respectively. The total hardness, total 
alkalinity, and conductivity of the nutrient medium at test 
initiation were >2500 mg/L as CaCO3 , 120 mg/L as CaCO3i  and 
23.4 mS/cm, respectively. 

The tebuthiuron concentration at each treatment remained 
relatively stable over the 7-day test period. The mean 
measured concentrations were 0.0018, 0.0092, 0.018, 0.038, 
0.076, 0.16, and 0.30 mg/L, representing 90 to 100% of the 
nominal values. 

Table 3(attached) presents specific growth rates for the 
control and each treatment level. The cell number increased 
from 10,000 cells/ml to a mean of 195,000 cells/ml during 
the first three days of the test. Therefore, this period 
was considered a logarithmic phase. After day 3, growth 
rates of the control cultures decreased, indicating a 
transition into a stationary phase. No significant decrease 
in specific growth rate relative to the control was observed 
at mean measured concentrations of  <0.038 mg/L. Specific 
growth rates at test concentrations of >0.076 mg/L were 
significantly (p  <  0.05) lower than those of the control. 
Based on the mean specific growth rate, the NOEC for 
tebuthiuron was 0.038 mg/L. 

Mean cell counts and biomass of the diatom at test 
termination (day 7) are presented in Table 4(attached). At 
mean measured concentrations of  <0.038 mg/L, the cell counts 
on day 7 were not significantly reduced when compared to 
those in the control. There was a significant decrease in 
biomass at test concentration of 0.0092 mg/L when compared 
to the control. However, the authors suggested that the 
decrease was not dose-related since the biomass at two 
higher concentrations (0.018 and 0.038 mg/L) were higher 
than those in the control. Significant decreases in cell. 
counts and biomass were found between the control values and 
those at concentrations of  >0.76 mg/L. Based on the cell 
counts and biomass at test termination, the NOEC for 
tebuthiuron was 0.038 mg/L. 

The authors stated that the biomass data might not be a 
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reliable measure of standing crop for  S.  costatum. At the 
three highest concentrations (0.076, 0.16, 0.30 mg/L), the 
mean biomass values were between 69 and 74% of the control 
value, while the mean cell counts at those levels were 
between <4 and 27% of the control value. They suggested 
that this discrepancy was probably due to the precipitation 
of salts from the marine nutrient medium onto the filter 
disks used for the determinations of the diatom dry weights. 

The calculated values of growth inhibition for the control 
and each treatment were shown in Table 3(attached). The 
percentage inhibition data at test concentrations of >0.018 
were used to calculate the EC50 value. The EC50 determined 
from a regression analysis was 0.101 mg/L with a 95% 
confidence interval of 0.068 and 0.174 mg/L. The slope of 
the regression line and the y-intercept were 59.39 and 
109.09, respectively. The coefficient of determination (R2 ) 

was 0.95. 

13. STUDY AUTHOR'S CONCLUSIONS/OUAL3TY ASSURANCE MEASURES: 
The NOEC of tebuthiuron for S.  costatum was 0.038 mg/L. 
When compared to the control cultures, specific growth 
rates, cell counts, and biomass were significantly reduced 
at test concentrations of >0.076 mg/L. Using the specific 
growth rate during the logarithmic phase of reproduction as 
an indicator of the diatom growth, the EC50 value with 95% 
confidence limits was 0.101 (0.068-0.174) mg/L. The slope 
of the dose-response curve was 59.39. 

Several inspections had been conducted during the course of 
the study by the Quality Assurance Unit of Lilly Research 
Laboratories for compliance with the OECD GLP standards. A 
GLP statement was included in the report. 

14. REVIEWER'S DISCUSSION AND INTERPRETATIOld OF STUDY RESULTS : 

A.  Test Procedure s The test procedure and the report were 
generally in accordance with the SEP and Subdivision J 
guidelines, except for the following deviations: 

o The maximum label rate was not provided in the 
report. Therefore, it could not be determined if the 
concentrations tested were less than the maximum label 
rate as though it were applied directly to the surface 
of a 15-cm water column. 

o The composition of the nutrient medium used in 
culturing and testing should have been described in the 
report. 

5 

m 



MRID No. 410804-02 

o The EC25 value was not reported. 

It was reported that each flask was capped with 
aluminum foil to prevent contamination while allowing 
free gas exchange. Foam or a wrapped cotton ball is 
probably a better material for this purpose. 

B. Statistical Analysis: The reviewer calculated EC50 and 
EC25 values for each growth parameter using a 
regression analysis. All calculations are attached. 
The`EC50 value based on specific growth rate (0.102 
mg/L) was similar to that calculated by the author 
(0.101 mg/L). However, the estimation based on the 
cell counts yielded the lowest EC50 and EC25 (i.e., 
0.067 and 0.036 mg/L, respectively). Therefore, these 
values should be used in the risk assessment of 
tebuthiuron. 

Analysis of variance (ANOVA) with a multiple comparison 
(Dunnett's) test was performed on the day-7 cell count 
and day-7 biomass to compare the values at each 
treatment level to those of the control. The printouts 
are attached. The results showed that test 
concentrations of  >0.076 mg/L significantly (p = 0.01) 
decreased the cell counts and biomass of  S .  costatum  
when compared to the control values. This is the same 
as those analyzed by the author, except the reviewer 
did not find a significant decrease in biomass at 
0.0092 mg/L. Since the raw data on specific growth 
rate were not submitted, the ANOVA on this parameter 
could not be verified. 

C. Discussi®n/Results: This study is scientifically 
sound. Based on the cell counts on day 7, the EC25 and 
EC50 values of tebuthiuron for  S .  costatum  were 0.036 
and 0.067'mg/L mean measured concentrations, 
respectively. Based on the decrease in cell counts and 
biomass at tebuthiuron test concentrations of  >0.076 
mg/L and the calculated EC25 above, the N©EC was 
determined to be <0.036 mg/L. 

D. Adequacy of the Study: 

(1) Classification: Core. 

(2) Rationale: N/A. 

(3) Repairability: N/A. 

15.  COMPLETION OF ONE-LINER: Yes, January 9, 1990. 
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T18tE 3. ilBiSBIT10!! 0!  Steletoaema costatvs  itF.PRMXiCiTf BY TBBtREtIUWl1 
_ OIRING M6 tAG11RiT1i![iC GROTB YHASE (DAgS 0 TO 3) AS  MUSURED 

BT SPBGfTIc GLOsin BATB. S2VOT J00389. 

JLverase Analpzed Specific 
Tebnthiuroo crovth Ratei  Yerceat 

co4ceatratioa (a8/L) (1/day) Lihibitionb  ~ 
~e 	 OD 0.449 0.0 

(Coatrol) :0.026 

-- ~ . 4 44 1" 	O.00Is 0.435 3.2 
.0.060 

— a1 .0 	0.0092 	 0.474 	 -5.6 
.0.036 

	

— f -4-44--+ o.ols 	 0.426 	 5.2 
=0.049 

	

0.038 	 0.337 	 25.0 
00:032 

	

0.076 	 0.278* 	 38.1 
:0.064 

	

-- d -T9Zj 0.16 	 o.12? 	 72.2 
*O.i01 

	

-- © •Sb2o1~' 0.30 	 0.125* 	 72.3 
_0.160 

* Sisaificaatly less tbaa the control (pQ0.05). 

a  1leaa _ Sp, s=3. 2he grovth rate of each replicate cniture vas 
estiaated vith the reBression eqsatioaa log l®(ft) _=•t . 1og10(h0)• 
ehere d. cell comat (eells/ai), _1  

!t = specific srovtl: rate (dap ), 
t . tioe (da7$),  and 
lIFO  . ini tial cell cc ~mt (10't  cells/al) . 

s -6 
b  Calcnlstei b~►  the equation: Ig -  c t  x IOD, IR

c  

	

vhere 	= 	percent inhibitiva based oa specific gcovth rate, 
~ : aeaa of tlse specific srovth rates of tlre three replicate 

control cnitnres. and 
ltt  eseaa of tbe specific srosrth rates of the three replicate 

etiltnres at euh treatseat level. 
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~ 	4AaLS 4. CBLL OMRS AND altlqASS OF  Siceletoneea costatua  PAFUU?IONS 
811'OSEa TO 2Ef?iHIM+ON FOB SSVEli DATS. S'IpDT 300389. 

Average Aaalyzed cell count 
?ebuthiuroa ~n Oay 7 Diatca ~iaaass=  

Coucentration (s~/L) (10 	cells/'1) On Day 7(ag/ol) 

ND 257 0.154 
(Coatrol) :15 A0.029 

0.0018 345 ° 34 0.133 ( ~ 
s5 s0.013 

0.0092 280 °– ~j' 0.123* ~ 
t50 :t0.(08 

— 1 - -4~`~O.ois 308 0.140 q 
•38 =0.008 

--( .l-l-od.p Z 0.038 225 0.127 ~ D̀  #10 s0.006 

0.076 
~ 

*  70 0.106*  
=13 0.006 

:13*  ` Ss  * _0.0 12 

0.W 	_ <10#  \ c~ ~ 0.110* 
:0 J ±0.003 

* Significantly less than the control (p40.05). 

= Mean : SD, n=3. Measured as dry veisht of diatoo cells. 

I 
RE 

103****/*t***:/IVAtl.A/AM/*s**/ l::•e,$) 

----- -- - - 
	 ~ 



S~ - ft .  105501  
Study/Species/Lab/ 	chemica], 
Accession 	 . ;[11;  
14-Day Sing7.e Dose Oral LD50 

Chooicat Nm~ T2~ote.~wwror~t►amitsl Glsas ~ 

tm • 	mg/Scq ( 
	

Contr. tbrt. (Gt)' 

PaQe 	4 	of  <  
Eisvi~/ Vaiidsti 
Daft 	Statu•. 

:S p ec i es 	 s,cpR- 	Animels/LAvsl- 	Aga{'Days )* 
Ssu • 

Lab 	 t 	Doas, tawl M&Zcx m2rtgLt)  

Acc. 	 CamwntxY 
. 	 , 

14-Day Single Dose Oral LD 50 	 ~ 	 95X C.L 	C~.  ~ tXi  
ta36p 	~g/1cg. ( 	 ~' 	 • 

S p ec i es 	 Slapr 	# Miaals/trvst~ 	 Ag~tDziys ) ~ 
SeYC' * 

Lab 	 14~at►  D~e trtvel m~(~gl(8 Mbs~tsi3tY)  

Acc . 	 CaYnnwnrs: 

8-Day Dietary LCSt) 	 93x C.L.  
UC3C • 	Pisi t 	 ) 	Ccntr. Most, t-1D ■ 

Species 
SlapfW 	 l+qe( Dqs ) - 

Sex * 
I.ab 	 Leve1 aW[SNfectnitt'r) 	 '— 

Acc . 	 cans+entsY 
8-Day DietarY L 050 	 95X C.L 

 ` 

LCS® ' 	PP1s t 	 -T 	Contr. Mo#'E. tAf • 
S p ec i e s 	

slop*- 	* Mimal.s/W.+r,l- 	Aqat Dsys ~ • 
Slex s 

Lab 	 tae.vsl yM/z"WaiTk)  

Ace . 	 Caosnrettsa 
4$ -Hour LC5©  . 
	

99 GL.  
LCS0 ' 	PP_ t 	 ) 	COiitt., I+hrt. i k)' 

Species 	 Sol. Contr. Mord-tX1- 
S1eQr 	~ Anim~ls/t.aveh 	 • 

Lab 	 .  
48-Mo~er Dasc i;aval pa 4xttortalltr) -  

Acc. 	 camnrftY 

96=trts•ar- EC50 	
_ 	

~ 	95X c.c. ?a-:.,d Qv, C.~z.11 aowJa 
4-16~ 	 Et750  - 6.063 PP r+~ t 	7 	c.on. ra~:(x ) - I,tlA 

S p ec i e~  ~ k e ~e ~o r~ e,una. 	 sol. - Con. t~av. (X,
- 

 t,~ / A ~EQ ~~ 1 •J~O *' ~~ = 10 loo 	 a 

'Lab U 	~c.~ 	a~ 	 ~!b-lbRer 	Lswt 	2''t`'` ~OV~ T®aip. 
_ 	Dos~ 	s+D w✓CXl44s ~#ai~)  

~ ►.abcr,x~o~l~ s 	e.o31% t:;.J, o.c-jU -+3 ), e-16  t qs),  
Acc 	 . 

QK ~ 
Cec.¢., 

•. F-AL ILt D Ar i4  wu kr-O -2_ 	CMWWOe .* Y1A2KlA 11W.LL54.YCA 	 *. X = toq co K_eJ2 ~lAC 

Species 
j50 -~ ~SX  pp 

Sla~Ya• 	# lhtmaLS/t,exs,1 ■ 

caeY. Mort. UTA = cZ ~ I S~ . 3[ 
So1. Cae~. Nost. (X)' 

964wtr s;bae tevoi co /(#ftrwLtyT~~ 
 s 

Acc. 
CaY'C1rn'ttY 

~ 
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REGRESSION En"U'AJlON: 
Y= 108.8435  + 59.29387 X 

ACTUAL VERSUS ESTIMATED VALUES 
X=LOG CONCENTRATION Y=PERCENT 

DATA POINT X y 
1 -1.7447 5 
2 -1.4202 25 
3 -1.1192 38 
4 -.7959 72 
5 -.5229 72 

INHIBITI[}N (GROWTH RATE) 
ESTIMATED Y 	ERROR 

5~393-509 -.3935089 
24.63437 ,3656311 
42.48183 -4.481827 
61.65154 10~34847 
77,83876 -5.83876 

cl 	~~` ~ ~~~~~ l-  '~~ _ 	~` 

Cm 

REGRESSION EQUATION: 
Y= 157.3149 + 91.56076 X 

COEFFICIENT OF CORRELATION= .9037976 

ACTUAL VERSUS ESTIMATED VALUES 
X=LOG CONCENTRATIOM] Y=pERCENT 

DATA POINT 	X 	 Y 
1 	 - 1,4202 	12 
2 	 -1.1192 	73 
3 	 -.7959 	.95 
4 	 -,5229 	 96 

~ ~_~~~~ S7 =L C), ~~~~ 

m~`~ 

INHIBITION (CELL COUNTS) 
ESTIMATED Y ERROR 
27.28035 	- 15.28035 
54.84014 	18.15986 
84.44173 	1().55827 
109.4378' 	-13,43782 

~ 
|L 

~ 

~ 



REGRESSION EQUATION: 
Y= 32.49329 + 7.747934 X 

COEFFICIENT OF CORRELATION= .7317549 

ACTUAL VERSUS ESTIMATED VALUES 
X=LOG CONCENTRATION 	Y=PERCENT INHIBITION (BIOMASS) 

DATA POINT 	X Y ESTIMATED Y 	ERROR 
1 -2.7447 14 11.22753 2.772467 
2 -2.0362 20 16.71694 3.283058 
3 -1.7447 9 18.97547 -9.975468 
4 -1.4202 18 21.48967 -3.48967 
5 -1.1192 31 23.8218 7.178202 
6 -.7959 26 26.32671 -.3267059 
7 -.5229 29 28.44189 . 	.5581093 

1,0 <a  
~ 

-4~1 	~ 



Analysis of Variance 	 File: TEBU1 	 Date: 01-08-1989 

N's, means and standard deviations based on dependent variable: COUNTS 

* Indicates statistics are collapsed over this factor 

Factors: 	C N 	 Mean S.D. 
* 24 	188750.0000 131341.3280 
1 .~] ~ 

~~ &~ nm\̀  3 	256666.6720 15275.2520 
2 ~~'~~~~ 

~ Mi«L 	 3 	345000.0000 5000.0000 
3 .~_~~«~*~~~ * 	 3 	280000.0000 50000.0000 
4 cw_"~~^~ ° 	 3 	308333.3400 38188.1290 
5 . 3 	225000 00O0 1O0O0 0000 . 
6 3 	70000.0000 13228.7568 
7 o_ 3 	15000.0000 8660.2539 
8 (D.Bo + 	 3 	10000.0000 0.0000 

DDDDDDDDDDl)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDI7DDDDDDDDDDDDDDl)DDDDDDDDDD 
Fmax for testing homogeneity of between subjects variances: Not defined 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD ' 
Analysis of Variance Dependent variable: COUNTS 

Source df SS (H) 	MSS 	F P 
Between Subjects 23%396762480000.0000 

C (CONC) 7%387629150000.0000%55375593000.0000 97.008 	0.0000 
Subj w Groups 16%9133326300.0000%570832900.0000 

I / ,

^

~~^  
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Analysis of Variance 	 File: TEBU1 	 Date: 01-08-1989 

FILTER: None 

Post-hoc tests for factor C (CONC) 

Level 	Mean 
1 256666.672 
2 345000.000 
3 280000.000 
4 308333.340 
5 225000.000 

Level 	Mean 
6 70000 ~ 000 
7 15000.000 
8 10000.000 

Comparison 
1<2 
1<3 
1<4 
1>5 
1>6 
1>7 
1>8 
2>3 
2>4 
2>5 
2>6 
2>7 
2>8 
3<4 
3>5 
3>6 
3>7 
3>8 
4>5 
4>6 
4>7 
4>8 
5>6 
5>7 
5>8 
6>7 
6>8 
7>8 

Dunnett 
0.0100 

0 0100 ~~ . ~~,~~~~ ~w~ L-  ~~. 

0.0100 o` (tw 	u 
0^ 0100 ~~ 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A~ 
N.A. 
N.A. 
N.A. 

For Dunnett's test only the P-values .05 and .01 are possible 
and only for comparisons with the control mean (level 1). 

= _ ' 
~~ 



Analysis of Variance 	 File: T2G&T2 	 Date: 01-08-1989 

FILTER: None 

N's, means and standard deviations based on dependent variable: BIOMASS 

* Indicates statistics are collapsed over this factor 

Factors: 	C N Mean S.D. 
* 24 0.1260 0,0188 
1 , 

 3 	
' 

0,1537 0.0287 
2 8/ 

~~, 00 \«~ 	r~~ '~- 3 0.1330 0,0132 
3 o'c*9D~ 	" 3 0.1233 0,0078 
4 o'c»(S 3 0.1407 0.A085 . 
5 & ' C>,5% 	̂ 3 0.1273 0.0061 
6 0' 	 * 3 0.1063 0.0061 
7 .16 	* 3 0,1137 0.0116 
8 'BC> 	° 3 0.1103 0.0031 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDbDDDDDDDDDDI>DDDDDDDDDDBDDDDDDDDI>D 
Fmax for testing homogeneity of between subjects variances: 88.43 
Number of variances= 8 	df per variance= 	2. 
DDDDDDDDDDDDD D DDDDDDDDDDDDDDDDDDDDDDDDDDD D DDDDDDDDDDDDDDDI;DDDDDDDDDDDDBDDDDDDDD 
Analysis of Variance 	 Dependent variable: BIOMASS 

Source 	 df 
	

SS (H) 

	

Between Subjects 23 
	

0.0082 
C (CONC) 	 7 

	
0.0055 
	

0.0008 4.625 0.0053 

	

Subj w Groups 16 
	

0.0027 
	

0.0002 

i~ 



Analysis of Variance 	 Fi1e: TEBUT2 	 Date: 01-08-1989 

FILTER: None 	' 

Level Mean Level Mean 
1 0.154 6 0.106  
2 0.133 7 0.114 
3 0.123 8 0.110 
4 0.141 
5 0.127 

Comparispn Dunnett 	 - 

1>2  
1>3 
1>4 
1>5 
1 > 6 0~0100 0'#-44-i' 
1 > 7 0.0100  ` O '\ 6 	M . 

 
' 

1 > 8 0.0100 . ~~ - ~^~0 o 
2 > 3 N.A. 
2 < 4 N.A. 
2 >5 N,A. 
2 > 6 N.A. 
2 > 7 N.A. 
2 > 8 N^A. ' 
3 < 4 N.A. 
3 < 5 N^A^ 
3 > 6 N.A~ 
3 > 7 N.A. 
3 > 8 N,A. 
4 > 5 N.A. 
4 > 6 N.A. 
4 > 7 N,A, 
4 > 8 N.A. 
5 > 6 N^A, 
5 > 7 N.A, 
5 > 8 N.A. 
6 < 7 N.A. 
6 < 8 N~A~ 
7 > 8 N.A. 

For Dunnett's test only the P-values ~05 and .01 are possible 
and only for comparisons with the control mean (level 1). 

~~ ~ 



t.ebut'hiuron skeletonema 5-dav 
File: a:\skel 	Transform: NO TRANSFORf1 

ANOVA TABLE 
------------------------------------------------------------------------------ 

SOURCE 	 DF 	 SS 	 mS 	 F 
------------------------------------------------------------------------------ 
Between 	 7 	 300082.292 	42868.899 	 43.184 

lJithin (Error) 	16 	 15883.333 	 992.708 
------------------------------------------------------------------------------ 
Total 	 23 	 315965.625 
------------------------------------------------------------------------------ 

Critical F value = 	2.o6 	(0.05,7,16) 
Since F> Criticai F RE.JECT Ho:All groups equal 

tebut}-,iuron skeletonema 5-dav 
File: a:\skel 	Transform: NO TRANSFORM 

DUNNETTS TEST 	- 	TABLE 1 OF 2 
---------------------------------------------------------------------------- 

Ho:Control<Treatment 

TRANSFORMED MEAN CALCULATED IN 
GROUP 
----- 

IDENTIFICATION 
-------------------- 

;1EAN 
----------- 

ORIGINAL UNITS 
------------------ 

T STAT 	SIG 
------ 	--- 

1 0 210.000 210.000 
2 .0018 291.667 291.667 -3.175 
3 •0092 186.667 186.667 0.907 
4 .018, 276.667 276.667 -2.591 
5 191 . 667 191 . 667 0.713 
6 .076 35.000 35.000 6.803 	* 
7 .16 3.333 3.333 8.034 	* 
8 .3 0.000 

---------------------------------------------------------------------------- 
0.000 8.163 	* 

Dunnett 	table 	value 	= 	2.56 (1 	Tailed Ualue, 	P=0.05, 	df=16,7) 

tebuthiuron skeletonema 5-day 
File: a:\skel 	 Transform: NO TRANSFORM 

DUNNETTS TEST 	- 	TABLE 2 OF 2 	 Ho:Control<Treatment 
---------------------------------------------------------------------------- 

NUf1 OF f1inimum Sig 	Diff % of DIFFERENCE 
GROUP 
----- 

IDENTIFICATION 
-------------------- 

REPS 
------- 

(IN ORIG. 	UNITS) 
---------------- 

CONTROL 
------- 

FROM CONTROL 
------------ 

1 0 3 
2 .0018 3 65.857 31.4 -81.667 
3 .0092 3 65.857 31.4 23.333 

4 .018 3 65.857 31.4 -66.667 
5 .038 3 65.857 31.4 18.333 
6 .076 3 65.857 31.4 175.000 

7 .16 3 65.857 31.4 206.667 

8 .3 3 
------------------------------------------------------------------------------ 

65.857 31.4 210.000 

~~ /G 



A PROBABILITY OF 0 MEANS THAT IT IS LESS THAN 0.001. 

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED 
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED. 

SLOPE 	_ 	- 	3.259342 
95 PERCENT CONFIDENCE LIMITS =—.1276934 	Ai+1D 	6.646378 

95 PERCENT CONFIDENCE LIMITS = 0 AND +INFINITY 

LCl® = . 2..0448699E--02 
95 PERCENT CONFIDEidCE LIMI'T5 = 0 AND 	4.613237E-02 

lewis tehuthiuron skeltonema 7—day 

CONC. NUMBER NUMBER PERCENT BINOMIAL 
EXPOSED DEAD DEAD PROB.(PERCENT) 

.3 100 100 100 0 

.16 100 95 95 0 

.076 100 73 73 0 

.038 100 13 13 0 

.018 100 0 0 0 

.0092 100 0 0 0 

.0018 100 0 0 0 

THE BINOMIAL TEST SHOWS THAT .038 AND •076 CAN BE 
USED AS STATISTICALLY SOUND CONSERVATIVE 95 PERCENT 
CONFIDENCE LIMITS, BECAUSE THE ACTUAL CONFIDENCE LEVEL 
ASSOCIATED WITH THESE LIMITS IS GREATER THAN 95 PERCENT. 

AN APPROXIMATE LC50 FOR THIS SET OF DATA IS 5.900741E-02 

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD 
SPAN 	G 	 LC50 	 95 PERCENT CONFIDENCE LIMITS 
6 	6.924388E-03 	 .0594295 	5.258654E-02 

.0675646 

RESULTS CALCULATEfl USING THE PROBIT METHOD 
ITERATIONS 	 G 	 H 

GOODNESS OF FIT PROBABILITY 
7 	 2.675621E-02 	 1 

.3224515 

SLOPE 	= 	 4.83398 
95 PERCENT CONFIDENCE LIMITS = 4.04327 	AND 	5.62469 

LCS0 = 	6•22861-2E -F02 	 ~ c t S =~• oy ~ 'QSy'~ 

?ER:- ENT CONFIDEf ,~ CE LIMITS = 5.714577E-02 AND 6.790111E-02 

L,CflQ = 	.0340148 	~ 

95 PE'RCENT COiVFIJEt4OE LIMITS = 2.929347E-02 AND 3.821183E-02 

" 	! / 
~~:~. 



lewis tebuthiuron skeletonema  

CONC. NUMBER NUMBER PERCENT BINOMIAL 
EXPOSED DEAD DEAD PROB.(PERCENT) 

.3 100 100 100 0 

.16 100 99 99 0 

.076 100 83 83 0 

.038 100 9 9 0 

.018 100 0 0 0 

.0092 100 11 11 0 

.0018 100 0 0 0 

BECAUSE THE NUMBER OF ORGANISMS USED IJAS SO LARGE, THE 95-PERCENT 
CONFIDENCE INTERUALS CALCULATED FROM THE BINOMIAL PROBABILITY ARE 
UNRELIABLE. USE THE INTERVALS CALCULATED BY THE OTHER TESTS. 

AN APPROXIMATE LC50 FOR THIS SET OF DATA IS 5.644687E-02 

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD 
SPAN 	G 	95 PERCPN 	FIDENCE LIMITS 
6 	7.235287E-03

lll
~~ 

4< 17341 7E-02 	 5.347'176E:: 

RESULTS CALCULATED USING THE PROBIT METHOD 
ITERATIONS 	 G 	 H 

GOODNESS OF FIT PROBABILITY 
7 	 1.07989 	35.11741 .:.... ~ 	 y.. 

~ e Iq 



p 	 r 	 i 

slope = 	3.259342 LC50 = 
.0312189 

slope = 	4.83398 LC50 = 
4.519347E-02 

B.nS 
5.024897E-02 LC25 = 

6.228613E-02 LC25 = 

O, V'3, zI Y 1 

, py !r  ts3q) 
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MRID No. 410804-03 

DATA EVALIIATION RECORD 

1. CHEMICAL: Tebuthiuron. 
Shaughnessey No; 105501. 

2. TEST MATERIAL : Tebuthiuron (EL-103, Compound 75503); N-[5- 
(1,1-dimethylethyl)-1,3,4-thiadiazol-2-yl]-N,N'° 
dimethylurea; 99.08% active ingredient. 

3. STUDY TYPE z Growth and Reproduction of Aquatic Plants, 
Tier 2. Species Tested:  Navicula Relliculosa . 

4. CITATION: Negilski, D.S. and P.J. Cocke 1989. Toxicity of 
Tebuthiuron to a freshwater diatom ( Navicula pelliculosa ) in 
a static test system. Prepared and submitted by Lilly 
Research Laboratories Division of Eli Lilly and Company, 
Greenfield, IN. MRID No. 410804-03. 

S.  REVIEWED BY : 

14 

Debra S. Segal, M.S. 
Associate Scientist 
KBN Engineering and 
Applied Sciences, Inc. 

6.  APPROVED BY : 

Michael L. Whitten, M.S. 
Staff Toxicologist 
KBN Engineering and 
Applied Sciences, Inc. 

Henry T. Craven, M.S. 
Supervisor, EEB/IiED 
USEPA 

signature:  

Date :  

signature s  

Date: I-Io -qqo 

Si nature:  q  

DateS 

7. CONCLIISIONS : This study is scientifically sound and 
fulfills the guideline requirements for a Tier 2 growth and 
reproduction of a non-target diatom test. Based on percent 
inhibition of sp2cific growth rate, the EC 30  and EC25 were 
0.193 and 0.111 mg/L, respectively. Based on diatom 
biomass, the NOEC was 0.056 mg/L.  

EG zs v.~ ~~-c s--e_~ 0.0 	D, 03 ~~ J L  
8. RECOMMENDATIONS : N/A. 

9. BACRGROIIND : 

1 

-q,s k -, 
~ 
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MF2ID No. 410804-03 

10. DISCUSSION OF INDIVIDUAL TESTS Z N/A. 

11. MATERIALS AND METHODS : 

A. Test Species :  Navicula pelliculosa  used in this test 
came from stock cultures maintained at the Environmental 
Toxicology Laboratory of Eli Lilly and Company. 
Originally, a sample of this species (UTEX No. 644) was 
obtained from the Starr collection at the University of 
Texas. Stock cultures of  Navicula pelliculosa  were 
grown in algal nutrient medium and housed in an 
environmental growth chamber (Rheem-Shere, Model CEL 8). 

B. Dosaae : Seven-day growth and reproduction test. 

C. Test System: Test vessels were 500-mL Erlenmeyer flasks 
made of borosilicate glass. Each flask contained 100 ml 
of solution. Exposure solutions were held at about 24 
°C and continuously illuminated by a combination of wide 
spectrum fluorescent, cool white fluorescent, and 100 W 
incandescent bulbs at an intensity of approximately 4.3 
klux at the surface of the solutions. Cultures were 
held at approximately 24 °C and continuously illuminated 
at 4.3 klux (85 uE/m /sec). The algal nutrient medium 
was prepared by adding 10.0 ml of each stock solution tc 
9.0 L of sterile water, and diluting to 10.0 L. 

D. Test Desian : Based on a seven-day study, seven nominal 
concentrations of Tebuthiuron (0.0012, 0.011, 0.056, 
0.11, 0.22, 0.46, and 0.89 mg/L) were selected for the 
definitive test. Each treatment level consisted of 
three replicates. 

An initial tebuthiuron main stock solution was made by 
adding 0.01006 g of test compound (corrected for purity) 
to 1000 ml of aqueous nutrient medium. This solution 
was mixed thoroughly with a mechanical stirrer. 
Individual stock solutions at each exposure level were 
made by adding the appropriate amounts of main stock 
solution and aqueous nutrient medium to a 500-m1 
Erlenmeyer flask. 

A 1.0-m1 sterilized pipette was used to transfer the 
appropriate volume of diatom inoculum to each test flask 
in order to achieve a cell population density of 10,000 
cells/ml. Each flask was capped with aluminum foil to 
prevent contamination while allowing free gas exchange, 
and placed in an environmental growth chamber for seven 
days. All flasks were agitated once a day to prevent 

2 
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MRID No. 410804-03 

the cells from clumping together. The location of each 
flask in the growth chamber was randomized on a daily 
basis to avoid possible light "hot spots°. 

Samples were collected for tebuthiuron analysis at test 
initiation from the treatment stock solutions that were 
used to fill each replicate flask. At test termination 
(day 7), samples were collected by filtering each test 
solution through a 0.7-um glass-fiber membrane filter to 
remove algal cells. Filtrates from treatment replicates 
were pooled and submitted for analysis of tebuthiuron. 

The tebuthiuron was extracted from the test solutions by 
liquid:liquid partition using dichloromethane. The 
dichloromethane was removed from the extracts and the 
residues redissolved in appropriate volumes of mobile 
phase. Tebuthiuron was measured using high performance 
liquid chromatography. 

Reproduction in the diatom cultures was determined by 
quantifying cell populations on days 1, 2, 3, 4, 5, and 
7. A compound microscope and hemocytometer were used to 
enumerate the diatom cells. Cell counts were expressed 
as number of diatom cells per milliliter of solution 
(cells/ml). Prior to making cell counts, diatom cells 
were removed from the sides and bottom of each test 
vessel. This was accomplished by rubbing the sides and 
bottom of each vessel with a piece of split tygon tubing 
that was slowly rotating on the end of a mechanical 
mixer shaft. To obtain a direct measure of diatom 
biomass, dry weight of the diatom cells in each flask 
was determined on day 7. A measured volume of solution 
from each flask was passed through a preweighed glass- 
fiber filter. Each filter was dried at 105 °C for 24 
hours and reweighed. Dry weight of the diatom cells was 
determined by calculation and expressed as milligrams of 
dry weight per milliliter of test solution (mg/ml). 

E.  Statistics s A one-tailed Dunnett's t-test was used to 
detect treatment responses that were significantly 
different (p<0.05) from those of the control. To define 
the no-observed-effect concentration (NOEC), individual 
Dunnett's t-tests were performed on specific growth 
rates, on diatom cell count data from day 7, and on the 
diatom biomass data obtained from dry weight 
measurements on day 7. The specific growth rate of each 
replicate culture was determined as the slope of the 
growth curve (cell count versus time) during the 

3 



MRID No. 410804-03 

logarithmic phase of algal reproduction (days 1 to 7) using the 
following regression equation: 

loglo  (N) = Rt + loglo  (No) , where 

N = cell count (cells/ml), 
R = specific growth rate (day -; ) , 
t = time (days), and 
No  = initial cell count (10 ~ cells/ml). 

The median effective concentration was defined as the 
concentration of tebuthiuron that caused 50% inhibition 
of the specific growth rate of treated diatom 
populations. The percent inhibition of specific growth 
rate at each tebuthiuron concentrati.on was calculated 
with the following equation: 

RC -Rt  
IR  = ------ X 1o0, where 

Rc  

IR  = percent inhibition based on specific growth rates, 
Rc  = mean of the specific growth rates of three 

replicate control cultures, and 
Rt  = mean of the specific growth rates of the three 

replicate cultures at each treatment level. 

A linear regression of percent inhibition versus the 
logarithm of the average analyzed tebuthiuron 
concentration was used to obtain the median effective 
concentration. The 95% confidence interval around the 
regression line was generated using SAS, and a graph of 
the regression line and associated confidence limits was 
obtained. The 95% confidence limits for the median 
effective concentration (EC50 ) were obtained by graphic 
interpolation. 

12.  REPORTED RE8ULT8 : 

No significant decrease in specific growth rate relative 
to the control was observed at mean tebuthiuron 
concentrations  <0.11 mg/L (Table 3; attached). At 
tebuthiuron concentrations >0.22 mg/L, specific growth 
rates were significantly lower than those of the 
control. 

Diatom cell counts on day 7 were not significantly 
reduced relative to the control at mean tebuthiuron 
concentrations <0.11 mg/L, but were significantly 
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MRID No. 410804-03 

reduced at concentrations >0.22 mg/L (Table 4; 
attached). 	 ~ 

No treatment-related reductions in biomass were observed 
at average analyzed tebuthiuron concentrations  <0.056, 
whereas significant decreases in diatom biomass were 
observed at concentrations of 0.11, 0.22, 0.46, and 0.89 
mg/L. Although a statistically significant decrease in 
diatom biomass was detected at the 0.0012 mg/L 
treatment, this change did not appear to be dose- 
related, as the two higher exposure levels (0.011 and 
0.056 mg/L) showed no significant decrease in biomass 
relative to the control. Based on terminal_diatom 
biomass, the NOEC concentration for tebuthiuron was 
0.056 mg/L. 

The biomass data from this study suggest that terminal 
dry weight determination may not be a reliable measure 
of standing crop for  N .  pelliculosa . At the three 
highest tebuthiuron concentrations the measured diatom 
biomass values were 50% of the control value; however, 
diatom cell counts (Table 4) indicate that these 
treatments contained oniy 1 to 15% as many cells as 
measured in the control. While the reason for this 
discrepancy was not firmly established, precipitation of 
salts from the nutrient medium onto the filter disks 
used to collect the diatom cells may have interfered 
with the dry weight determinations. 

Using the logarithm of the average analyzed tebuthiuron 
concentration and the percent inhibition data for 
tebuthiuron concentrations, a linear regression model 
estimated the median effective concentration of 
tebuthiuron to be 0.213 mg/L with 95% confidence limits 
of 0.155 and 0.282 mg/L (Table 3; attached). 

13. STIIDY AIITHOR , S CONCLIISIONS/OIIALITY ASSIIRANCE MEASURES: 
Results from this study indicated that the NOEC 
concentration of tebuthiuron for the freshwater diatom, 
Navicula pelliculosa, was 0.056 mg/L. Terminal diatom 
biomass was the most sensitive indicator of toxicity as 
this parameter was significantly reduced relative to 
control cultures at tebuthiuron concentrations >0.11 
mg/L. The median effective concentration (EC 50 ) was 
determined to be 0.213 mg/L, 

A GLP compliance statement was included in the report and 
the study was audited by Lilly research Laboratories' 
Quality Assurance Unit. A statement of quality assurance 
was included in the report, indicating that the study was 

5 
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conductecl in accordance with U.S. EPA Good Laboratory 
Practice Standards. 

14.  REVIEWER'B DISCU$SION AND INTERPRETATION OF STIIDY RESIILTS : 

A. Test Procedure : The test procedure and the report were 
generally in accordance with the SEP and subdivision J 
guidelines, except for the following deviations: 

o The maximum label rate was not provided in the 
report. 

o A 25% detrimental effect level was not provided in 
the study although it was calculated by the reviewer to 
be 0.111 mg/L. 

o The test design states that "each flask was capped 
with aluminum foil to prevent.contamination while 
allowing free gas exchange°. Although the SEP does not 
state that aluminum foil cannot be used, it seems that 
aluminum foil would prevent free gas exchange. 

B. Statistical Analysis : The reviewer calculated the EC50 
value using linear regression by plotting the log of 
mean measured concentration against the percent 
inhibition of specific growth rate expressed as probits 
(attached) and determined it to be 0.193 mg/L rather 
than 0.213 mg/L calculated by the study authors. The 
NOEC was calculated by the reviewer using both cell 
count and biomass and determined to be 0.11 mg/L for 
both parameters rather than the 0.056 mg/L reported by 
the study authors. 

C. DiscussionLResults : The discrepancy in the 7-day EC50 
value of tebuthiuron for N.  pelliculosa  (0.193 vs. 
0.213) does not appear substantial. Although the 
reviewer calculated the NOEC to be 0.11 mg/L rather than 
0.056 as reported by the study authors, the lower value 
is accepted as the most conservative NOEC. 

D. Aclequacy of the Study : 

(1) Classification: Core 

6 
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MRID No. 410804-03 

(2) Rati®nale; Although the test proceclures deviated 
from the guidelines, the reviewer does not believe 
they significantly affected the validity of the 
toxicity results. 

(3) Repairability; N/A 

15.  COMPLETION OF ONE-LINER : Yes, 01-05-90. 
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ESTIMATED Y 
-1.180567 

1.515062 
3.496154 
4.317172 
5.160607 
6.060084 
6.861487 

ERROR 
1.180567 

-1.515062 
-.1361542 
-.1571722 
—6.060696E-02 
-.540{/844 

1.228513 

5. STORE DATA 
6. GO TO PROGRAM MENU 
7. DO ANOTHER REGRESSION 

OPT ON 

REER~~~ bN.EaUATION: 
\'= 7.0A4 95 	Z~&.0211 X 

' 
COEFFICIENT OF CORRELATION= .9455159 

PRESS ENTER TO CONTINUE.? 
ACTUAL VERSUS ESTIMATED VALUES 
X=logconc Y=probit 

DATA POINT 	X 	 Y 
1 	 -2.921 	 0 
2 	 -1~959 	 0 
3 	 -1.252 	 3.36 
4 	 -.959 	 4.16 
5 	 -.658 	 5.1 
6 	 -.337 	 5.52 
7 	 -.051 	 8.09 

PRESS ENTER TO CONTINUE? 
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No Cc- - ^m0 COUA+ _ 

Analysis of Variance 	 File: tebnav 	 Date: 01-03-1989 

FILTER: None 

N's, means and standard deviations based on dependent variable: COUNT 

* Indicates statistics are collapsed over this factor 

Factors: C N Mean-°°L\ S.D. 
* 24 336.4583COOnA 263.2468'' 
1 tontrok 3 540.0000 74.6659  
2 0.000- r-31 3 501.6667 88.0814 	~ 

3 O`O\\ 3 630.0000 19().1173 
 

4 6'06(. 3 561.6667 123.4234  
5 0,11 3 350.0000 112.5833 	̀ 	̂ 
6 C). -Z 2 .I 80.0000 18.0278 	. 	-^ 
7 0^ ,%C=  3 21.6667 7.6376 
8 0-,8C, 3 6.6667 2.8868 

Fmax for testing homogeneity of between subjects variances: 4341.00 
Number of variances= 8 	df per variance= 2. 

	

Analysis of Variance 	 Dependent ariabIe: COUNT 

Source 	 df 	 SS (H) 	MS8 	F 	P 
Between Subjects 23 1593874.0000 

C (CONC) 	 7 1438257.3800 205465.3440 21.125 0.0000 
Subj w Groups 	16 	155616.6250 	9726.0391 

m 



Analysis of Variance 

FILTER: None 

Post-hoc tests for factor C (CONC) 

Level 	Mean 	Level 	Mean 
1 	540.000 	6 	80.000 
2 	501.667 	7 	21.667 
3 	630.000 	8 	6.667 
4 	561.667 
5 	350.000 

File: tebnav 	 Date: 01-03-1989 

Comparison Tukey-A* Dunnett 	 ~  

1 > 2  ~ 
^ 

1<3 
1<4 
1>5 
1 > 6 0.0100 0.0100 
1 > 7 0.0100 0.0100 
1 > 8 0.0100 0.0100 
2 < 3 N.A. 
2 < 4 N.A. 
2 > 5 N.A. 
2 > 6 0.0100 N.A. 
2 > 7 0.0100 N.A. 
2 > 8 0.0100 N.A. 
3 > 4 N.A. 
3 > 5 0.0500 N.A. 
3 > 6 `{>,0100 N . A. 
3 > 7 01 	

'
~ ~ 

3 > 8 100 N.A. 	' 
4 > 5  . A. 
4 > 6 	/ ~~0 4LA. 
4 > 7 '0.0100' N.A. 
4 > 8 0.0100 N.A. 
5 > 6 N.A. 
5 > 7 0.0500 N.A. 
5 > 8 0.0500 N.A. 
6 > 7 N.A. 
6 > 8 N.A. 
7 > 8 N.A. 

* The only possible P-values are .01, .05 or .10 (up to 0.0500). 
A blank means the P-value is greater than 0.0500. 

For Dunnett's test only the P-values .05 and .01 are possible 	/ - 
and only for comparisons with the control mean (level 1). p 



Analysis of Variance 	 File: tebnav 	 Date: 01-03-1989 

FILTER: None 

N's, means and standard deviations based on dependent variable: 	BIOMASS 

* Indicates statistics are collapsed over this factor 

Factors: C N Mean-6 S.D. 
* 24 0.0125 0.0041 
1 3 0.0183 0.0042  
2 0.Col-L 3 0.0120 0.0026  
3 0.011 .3 0.0153 0.0042  

4 0'0.5 to 3 0.0150 0.0020*  
5 0.11 3 0.0127 0. 	 ~ 

6 E).2-2- -1- 0.0093 0.0d25  

7 0.9(o  3 0.0087 0.0021 	
` 

8 o.iq 3 0.0083 0.0015 

Fmax for testing homogeneity of between subjects variances: 13.00 
Number of variances= 8 	df per variance= 2. 

Analysis of Variance Dependent variable: BIOMASS 

Source df SS 	(H) MSS 	F 	P 
Between Subjects 23 0.0004 

C 	(CONC) 7 0.0003 0.0000 	5.180 	0.0031 
Subj w Groups 16 

` 

0.0001 0.0000 

` 
~~ 
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Analysis of Variance File: 	tebnav 	 Date: 01-03-1989 

FILTER: None 

Post-hoc tests for factor C 	(CONC) 
^ 

Level 	Mean 	Level Mean 
1 	0.018 	6 0.009 
2 	0.012 	7 0.009 
3 	O.015 	8 0.008 	 ' 

4 	0.015 
5 	0.013  

~ 
Comparison Tukey-A* Dunnett 

1 > 2  
1>3 
1>4 
1>5 
1 > 6 	0.0500 	0.0100 
1 > 7 	0.0100 	0.0100 
1 > 8 	0.0100 	0.0100 
2 < 3 	 N.A. 
2 < 4 	 N.A. 
2 < 5 	 N.A. 
2 > 6 	 ' 	N.A. 
2 > 7 	 N.A. 
2 > 8 	 N.A. 
3 > 4 	 N.A. 
3 > 5 	 M.A. 
3 > 6 	 _ ` ~ 	

'~ N.A. 
3 > 7 	~ 

- 	
_ ``~~ 14~A. 

3 > E~ 	 .`'~~~~ ' ' ~~ N.A. 	_ "~z = 4 > 5 	_ '-' ~~ 
	

' ~~ '' N.A.  
4 > 6 	"` 	`,. ` . ^. ~ .. .A. 
4 > 7 A. 
4 > 8 	

' 	
N.A. 	 ' 

5 > 6 	 N.A. 
5 > 7 	 N.A. 	 ' 

5 > 8 	 N.A. 
6 > 7 	 N.A. 
6 > 8 	 N.A. 
7 > 8 	 N.A. 

* The only possible P-values are .01, .05 or .10 (up to 0.0500). 
A blank means the P-value is greater than 0.0500. 

~ 

~ «_^ 
For Dunnett's test only the P-values .05 and .01 are possible 	( 
and only for comparisons with the control mean ( level 1 ) . 	~
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~ TABLB 3. 	IitHIB2?Iflrl oF  Navicula pelliculosa  REPROtriICfIflN BY ?QBt1rNaURnN 
DURING TH8 tAGARITH!!IC G8flM PSASS (DA?S 1.TO 7) AS !lEASURLi 
BT SPECIFZC GROSR'E RAiE. 	S2UDT J00888. 

Average Malyzed 	 Specific 
2ebuthiuron 	 Grovth_~atea  Percent 	b  

Concentration (ag/L) 	(day 	j ILahibition 

ND 	 0.302 0.0 
(control) 	 _0.003 

0.0012 	 0.304 -0.9 
• 	.0.044 

0.011 	 0.304 -0.8 
±0.041 

0.056 	 0.285 5.4 
±0.031 

0.11 	 0.243 19.6 
_0.044 

0.22 	 0.138*  54.1 

lb =0.052 

0.46 	 0.090*  70.2 
±0.049 

0.89 	 -0.029#  109.5 
±0.053 

* Significantly less than the control (p 9).05). 

a  Nean ± SD, n=3. 	2he grovth rate of each replicate culture vas 
estimated vith the regression equation: 1os10(N) = R-t ` 1og10(NO)' 
vhere N - cell coumt (cells/al), 

1 ), R- specific 8rovth rate (day 
t - tfse (days), and 
NO  s initial cell count (104  cells/®I). 

R -R 
b 	 c 	t  Calculated by the equation: 	IR  = 	x 100, 

R 
vhere IR  = percent inhibition based on specific grovth rate, 

R~ = nean of the specific grovth rates of the three replicate 
controi cultures, and 

Rt  = nean of the specific grovth rates of the three replicate 
cultures at eac-h treataent level. 

~ 
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9 
	TABLg 4. CEi,L OOt)ti?S AND BIOtiASS OF  Havicula pelliculosa  PnFt2ATIOrtS 	 ® 

EEPOS® TO TEBUfBIURON FOR SEVEi# DATS. S?UDY J0098$. 	4  

Average Analyzed Cell Count 
?ebuthiuzon in Day 7 Diatos Bioaassa  

Concentration (ag/L) 	(10 	cells/el) On Day 7(og/al) 

pD 540 0.018 
(Control) :75 t0.004 

~ 	 0.0012 - 	502 0.012* 
•_88 to.002 

~ 	0.011 630 0.016 
+-190 to.004 

0.056 562 0.015 
±123 t0.002 

h 	0.11 350 0.012* 
±113 ±0.001 

0.22 80*  0.009* 
~ 

 

118 ±0.003 

0.46 22*  0.009*  
±8 ±0.002 

0:39 7*  0.009* 
43 ±0.001 

* Significaatly less than the control (pq).05). 

a !lean ± SD s  n=3. Heasured as dry veight of diaton cell.s. 

t 	 3 ar`~ 
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Species 	 .510?I• 

Lab 

ilz 9D(  ..Telow-t~%QfCV) - Chunical class 	Veqs . 	at 

Study/Species/Lab/ Chemical O 'Kiz/ 	Vaild,  
'Accession  . 	X 1L. 1. rate 	stai  
14-Day Single Dose Oral LD 50 

r., L. 
LWO 	 Contr. M*rt. (1) w 

.Species Slcpa- 	# AA1mL13/tjLV*11w 	AV&MaYs) v 
Sex 

Lab 

Acc. C=rmnt9z 

.14-Day Single Dose Oral LD 50 
951  C.L 

LDSO 	 co=. MorL (X) w. 

Species s 1 cpw 	dt AnimLls/LomLw 
• 

Lab 

'Ace. camw= I 

8-Day Dieta-ry LC50 ISX  C.  L. 
E450 • 	ppo 	 contr. Mort. 

.Species 

LA b I—A&V  DOX4 Ldplt4 MMAM"WtaLLty) 

8-Day Dieta.ry LC50 95X  CA, 
P;M 	 contr. mw~..W • 

Species 
f  Animals/L&vwl- 

S,4x 
Lab $-pay To" Lft*q.l PPMA 

Acc, Camrimtss 

4% -Hour Ld50  9$X C. t- 
=0 	PP_ 	 I 	contr.. Mrt.14.,  

Species . -041. contr. IftrE.•v- ,  
m iMMaA^&V"1 

Lab 4241?= bqs~L  U001 	4xHartallw) 
J 

lsx C,  r 
cc-s-0 Can. 	 S. 

Cam Mr, (All 
31ope. 

vamp ..w -.1rc  
0 ,C) i t t-0.8 l. 0,055U 5•'t 	 fq. to.  I 0,z 

L4Qj_  C-A 	mo  ri 	e  en  c 
951Y c 

can. vArt* (X) W 
Sol. cal. mdrt. (X) • 



1 ewis 	tebuthiuron 	navicul a 5—da,r 	Ga-C( cc,-- ~-s 
*#%k*k************ * ***A:******W********+-*****************ki: 	 * f 
CONC. NUNBER NUMBER PERCENT BINOMIAL 

EXF'OSED DEAD DEAD PROB.(PERCENT) 
. 39 100 93 93 0 
.46 100 90 90 0 
.122 100 79 79 0 
.11 100 72 72 0 
.051t" 100 41 41 0 
. ~ 11 1C0 0 0 0 
• OC,  12 100 0 0 0 

BECAUSE THE NUMBEP OF ORGANISMS USED tJAS SO LARGE, THE 95 PERCENT 
CONFIDENCE INTERVALS CALCULATED FROM THE BINOMIAL PROBABILIT'Y ARE 
l.iN7ELIABLE. USE THE INTERVALS CALCULATED B`( THE OTHER TESTS. 

AN AFPROxIMATE LC50 FOR THIS SET OF DATA IS 6.785555E-02 

R`SULTS CALC!JLATED USING THE M4VING AVERAGE METHOD 
SPAN 	G 	 95 PERCENT CONFIDEPdCE LIMITS 
5 	3.632219E-02 	 7.291 ~34E-02 

5.808836E-02 	 9.041556E-02 

RESULTS CALC'ULATED USING THE PROBIT METHOD 
ITERATIONS 	 G 	 H 

GOODNESS OF FIT PROBABILITY 
5 	 .1265597 	3.883811 

1 . 605Z-292E-03 

'~ INCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED 
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED. 

SLOPE 	= 	 1.836442 
=?~~ F'ER ~~ ENT CONFIDENCE LIMITS = 1.183124 	AND 	2.489761 

LC50 = 	8. 135473E-02 	0,0 &-13 r  ~,511 - 	4c,,C' O. oZH 9 
95 PERCENT CONIFIDENCE LIMITS = 4.896101E-02 AND .1221135 

LC10 = 	1.655115E-02 
95 PERCENT CONFIDENCE LIMITS = 5.064382E-03 AND 3.080127E-02 

m 



3 ewis tebuthiuran Navicul a 7—dai VKe••. 	c ~e~~  ~ * 
CONC. NUh1BER NUMBER PERCENT BIN0NIAL 

EXPOSED DEAD DEAD PROB.{PERCENT) 
.89 100 99 99 0 
.46 100 96 96 0 

~' ,_~ 100 85 85 0 
.l? 100-  35 35 0 
.056 100 0 0 
.011  100 0 0 0 
.0012 100 7 7 0 

EECAUSE THE NU"lBER OF ORGANISMS USED IJAS SO LARGE, THE 95 PERCENT 
CONFIDENCE Ii*aTERUALS CALCULATED FROM THE BIN0NIAL PROBABILITY ARE 
UNRELIABLE. USE THE INTERVALS CALCULATED BY THE OTHER TESTS. 

AN APPRCXIMATE LC50 F ~'JR THIS SET OF DATA IS .1337974 

RESULTS Cr=;LCULATED USI1`JG THE f1GVING AVERAGE Ir1ETHOD 
SPAN 	G 	 LC50 	 95 PERCENT CONFIDENCE LIMITS 
6 	1•339839E-02 	 .1156757 	9.711592E-02 

.1377568 

RESULTS CALCULATED USING THE PROBIT "IETHOD 
ITERHTIONS 	 G 	 H 

GOODNESS OF FIT PROBABILITY 
9 	 13.75014 	406.3581 

0 
A PROBABILITY OF 0 f1EArJS THAT IT IS LESS THAN 0.001. 

SlNCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED 
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED. 

SLOPE 	= 	 1.764474 
?5 PERCENT CONFIDENCE LIMITS =-4.778404 	AND 	8.307351 

LC50 = 	.1128533 w.sf L 	 Ec— 	= 0. 
95 PERCENT CONFIDENCE LIf1ITS = 0 AND +INFINITY 

LC10 = 	2.151557E-02 
95 PERCENT CCINFIDENCE LINITS = 0 AND +INFINITY 

~ 9 
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TITLE: 	navicuia 5-daY 
FILE: 	a:\navic 
TRANSFORM: NO TRANSFORM 	 NUMBER OF GROUPS: 8 
---------------------------------------------------------------------- 

QRP 
--- 

IDENTIFICATION 
---------------- 

REP 
---- 

VALUE 
------------- 

TRANS VALUE 
------------- 

1 0 1 135.0000 135.0000 
1 0 2 215.0000 215.0000 
1 0 3 190.0000 190.0000 
2 .0012 1 265.0000 265.0000 
2 .0012 2 195.0000 195.0000 
2 .0012 3 145.0000 145.0000 
3 .0011 1 200.0000 200.0000 
3 .0011 2 200.0000 200.0000 
3 .0011 3 300.0000 300.0000 
4 .056 1 115.0000 115.0000 
4 .056 2 120.0000 120.0000 
4 .056 3 85.0000 85.0000 
5 .11 1 70.0000 70.0000 
5 .11 2 55.0000 55.0000 
5 .11 3 25.0000 25.0000 
6 .22 1 55.0000 55.0000 
6 .22 2 25.0000 25.0000 
6 .22 3 30.0000 30.0000 
7 .46 1 10.0000 10•0000 
7 .46 2 15.0000 15.0000 
7 .46 3 30.0000 30.0000 
8 .89 1 5.0000 5.0000 
8 .89 2 30.0000 30.0000 
8 .89 3 

---------------------------------------------------------------------- 
5.0000 5.0000 

navicula 5-day 
File: a: 11.navic 	Transform: NO TRANSFORM 

------------------------------------------------------------------------------ 
SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2 

ORP 
--- 

IDENTIFICATION 
---------------- 

N 
---- 

MIN 
---------- 

MAX 
---------- ---------- 

MEAN 

1 0 3 135.000 215.000 180•000 
2 .0012 3 145.000 265.000 201.667 
3 .0011 3 200.000 300.000 233.333 
4 .056 3 85.000 120.000 106.667 
5 .11 3 25.000 70.000 50.000 
6 .22 3 25.000 55.000 36.667 
7 .46 3 10.000 30.000 18.333 
8 .89 3 5.000 
------------------------------------------------------------------------------ 

30.000 13.333 

navicula 5-day 
File: a:\navic 	Transform: NO TRANSFORM 

SUMMARY STATISTiCS ON TRANSFORMED QATA TABLE 2 of 2 ~ ~ 
---------------------------------------------------------------------,-C  ------- 

GRP IDENTIFICATION 	VARIANCE 	SD 	SEM 



navicula 5-day 
File: a:\navic 	Transform: NO TRANSFORM 

; SUh1MARY 
------------------------------------------------------------------------------ 

STATISTICS ON TRANSFORf1ED DATA TABLE 2 of 2 

GRP IDENTIFICF';TION VARIANCE SD SEf1 

1 0 1675.000 40.927 23.629 
2 .0012 3633.333 60.277 34.801 
j .0011 3333.333 57.735 33.333 
4 .056 358.333 18.930 10.929 
5 .11 525.000 22.913 13.229 
6 .22 258.333 16.073 9.280 
7 .46 108.333 10.408 6.009 
8 .89 208.333 
------------------------------------------------------------------------------ 

14.434 8.333 

navicula 5-dav 
File: a:\navic 	Transform: NO TRANSFORM 

ANOVA TABLE 
------------------------------------------------------------------------------ 

SOURCE 	 DF 	 SS 	 MS 	 F 
------------------------------------------------------------------------------ 
Between 	 7 	 165150.000 	23592.857 	 18.687 

Within (Error) 	16 	 20200.000 	 1262.500 
------------------------------------------------------------------------------ 
Total 	 23 	 185350.000 
------------------------------------------------------------------------------ 

Critical F value = 	2.66 (0.05,7,16) 
Since F;. Critical F REJECT Ho:All groups equal 

navicula 5-day 
File: a:\navic 	Transform: NO TRANSFORM 

DUNNETTS TEST 	- 	TABLE 1 OF 2 
---------------------------------------------------------------------------- 

Ho:Control<Treatment 

TRANSFORMED MEAN CALCULATED IN 
GROUP IDENTIFICATION 
----- -------------------- 

MEAN 
----------- 

ORIGINAL UNITS 
------------------ 

T STAT 	SIG 
------ 	--- 

1 0 180.000 180.000 
2 .0012 201.667 201.667 -0.747 
3 .0011 233.333 233.333 -1•838 
4 .056 106.667 106.667 2•528~.~--- 

4.4$1 	* 5 . n 50.000 50.000 
6 .22 36.667 36.667 4.941 	* 
7 .46 18.333 18.333 5.573 	* 
3 .89 13.333 

---------------------------------------------------------------------------- 
13.333 5•745 	* 

Dunnett table value = 	2•56 (1 	Tailed Value, 	P=0.05, 	df=16,7) 
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navicula S-dav 
Fi1e: a:\navic 	Transform: N0 TRANSFORM 

DUNNETTS TE3T 
,---------------------------------------------------------------------------- 

- 	TABLE 1 OF 2 Ho;Control<Treatment 

TRANSFORMED MEAN CALCULATED IN 
GROUP 	IDENTIFIC'ATION MEAN ORIGINAL UNITS T STAT SIG 

1 0 180.-000 180.000 
2 .0012 201.667 201.667 -0.747 
3 .0011 233.333 233.333 -1.838 
4 .056 106.667 106.667 2.528 
5 `-1T~ 50.000 50.000 4.481 * 
6 .22 36.667 36.667 4.941 * 
7 .46 18.333 18.333 5.573 ~ 

8 .89 13.333 13.333 5.745 ~ 

Dunnett 	table 	value = 	2.56 (1 	Tailed Value, 	P=0.05, 	df=16,7) 

navicula 5-dav 
File: a:\navic 	Transform: NO TRANSFORM 

DUNNETTS TEST 	- 	TABLE 2 OF 2 	 Ho:Control<T,reatment 

NUM OF Minimum Sig Diff % of DIFFERENCE 
GROUP IDENTIFICATION REPS (IN ORIG. 	UNITS) CONTROL FROM CONTROL 

1 0 3 
2 •0012 3 74.269 41.3 -21.667 
3 .0011 3 74.269 41.3 -53.333 
4 .056 3 74.269 41.3 73.333 
5 .11 3 74.269 41.3 130.000 
6 .22 3 74.269 41.3 143.333 
7 .46 3 74.269 41.3 161.667 
8 .89 3 74.269 41.3 166.667 
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MRID No. 410804-04 

DATA EVALUATION RECORD 

1. CHEMTCAL: Tebuthiuron. 
Shaughnessey No. 105501. 

2. TEST MATERIAL: Technical tebuthiuron (EL-103, compound 
75503); chemical name: N-[5-(1,1-dimethylethyl)-1,3,4- 
thiadiazol-2-yl]-N,N'-dimethylurea; Lot No. 729-AS7; 99.08% 
active ingredient. 

3. STUDY TYPE : Growth and Reproduction of Aquatic Plants -- 
Tier 2. Species Tested;  Lemnaig bba . 

4. CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity 
of Tebuthiuron to Duckweed ( Lemna gibba ) in a Static Renewal 
Test System. Laboratory Project No. J00588. Conducted by 
Lilly Research Laboratories, Greenfield, Indiana. Submitted 
by Elanco Products Company, MRID No. 410804-04. 

5. REVIEWED BY : 

Prapimpan Kosalwat, Ph.D. 
Staff Toxicologist 
KBN Engineering and 
Applied Sciences, Inc. 

6.  APPROVED BY s 

Michael L. Whitten, M.S. 
Wildlife Toxicologist 
KBN Engineering and 
Applied Sciences, Inc. 

Henry T. Craven, M.S. 
Supervisor, EEB/HED 
USEPA 

signature: 'Q j4va~wad— 
Date: 	 l0 ~ kct9 b 

Siqnature; AYUII. 	. 

Date : /-/O * ?() 

Signature:  ~ 
Date: 	 ~ 

7.  CONCLIISIONS : This study is scientifically sound and 
fulfills the guideline requirements for a Tier-2 growth and 
reproduction test using an aquatic macrophyte. Based on the 
day-14 biomass, the EC25 and EC50 values of tebuthiuron for 
Lemnaict bba  were 0.066 and 0.135 mg/L mean measured 
eoncentrations, respectively. Based on the frond counts,. 
plant counts, and biomass on day 14 and the calculated EC25, 
the NOEC value was determined to be <0.066 mg/L mean 
measured concentration. 

S.  RECOMMENDATIOIJS : N/A. 
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MRID No. 410804-04 

9. BACRGROIIND : 

10. DISCUSSION OF INDIVIDUAL TESTS : N/A. 

11. MATERIALS AND METIiODS : 

A. Test Species :  Lemnaig bba  G-3 used in this test were 
obtained from stock cultures maintained at the testing 
facility. The plants were derived from an initial 
clone provided by Dr. Elaine Tobin of the Biology 
Department at the University of California at Los 
Angeles. Stock cultures were grown in a nutrient 
medium and housed in an environmental growth chamber. 
The cultures were held at about 25°C and continuously 
illuminated at approximately 5 klux. 

The aqueous nutrient medium used in maintaining stock 
cultures and testing was the E medium described by 
Cleland and Briggs (1967). The E medium is equivalent 
to the M medium of Hillman (1961) modified by the 
addition of EDTA. The composition of the medium is 
included in the report. Sucrose was noted as not being 
included in the medium. The pH of the medium was 
adjusted to approximately 5.0 using KOH or HCl. 

B. DosaQe : Fourteen-day growth and reproduction test. 

C. Test System and Desictn: Based on a pilot study, seven 
nominal concentrations of tebuthiuron (0.005, 0.01, 
0.0-5, 0.1, 0.2, 0.4, and 0.8 mg/L) and a control were 
employed in the definitive test. Three replicates were 
included at each treatment level and the control. To 
ensure the nutrient availability and to maintain stable 
tebuthiuron exposure concentrations, the test solution 
in each vessel was renewed on days 4, 8, and 11. 

Test vessels were 600-m1 beakers, each contai'ning 300 
ml of an appropriate test solution. Initially, a sheet 
of clear Plexiglas (1/8-inch thick) was placed over the 
test vessels in an effort to retard evaporation of the 
solutions. However, by test day 4, approximately 30% 
of each test solution had evaporated. This problem was 
remedied by replacing the Plexiglas with the bottom 
half of a plastic Petri dish. Evaporation was 
negligible over the remainder of the study. 

E 



NiRID No. 410804-04 

The test was initiated when three 3-frond plants were 
randomly distributed to each beaker. The plants 
floated on the surface of each solution. At test , 

initiation, each vessel was randomly assigned a 
position in the growth chamber. On each successive 
test day, the vessels were systematically moved one 
position in the growth chamber. The temperature and 
lighting conditions employed during the test were the 
same as those used for culturing. 

The number of fronds and plants in each replicate 
vessel was counted on days 2, 4, T, 9, 11, and 14. 
Every frond visibly projecting beyond the edge of the 
parent frond was counted. The dry weight of the plants 
in each vessel was determined on day 14 to obtain a 
direct measure of the duckweed biomass. 

At test initiation and on solution-renewal days (days 
4, 8, and 11), samples of the fresh (new) test 
solutions were collected. The old test solutions were 
collected on days 4, 8, 11, and at test termination by 
pooling approximately 33-m1 aliquots from the three 
replicates at each treatment level. A11 samples were 
analyzed for tebuthiuron, using high performance liquid 
chromatography (HPLC). 

The temperature and pH of each new test solution were 
measured at test initiation and on renewal days. The 
measurements were also performed in each old solution 
on renewal days and at test termination. Total 
alkalinity, total hardness, and conductivity of the 
aqueous nutrient medium were determined at test 
initiation. 

E.  Statistics; To determine the no-observed-effect 
concentration (NOEC), treatment responses (i.e., 
specific growth rates, frond and plant counts from day 
14, and biomass on day 14) were compared to the control 
responses using a one-tailed Dunnett's t-test. The 
specific growth rate of each replicate culture was 
determined as the slope of the growth curve (frond 
count versus time) during the logarithmiC phase using 
the following equation: 

log (N) = ( R x t) + log (No ) 

where: N = frond count, 
R = specific growth rate (day 1) , 
t = time (days), and 
No  = initial frond count (9 fronds) . 

3 
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The percent inhibition of specific growth rate at each 
tebuthiuron concentration was calculated using the 
following equation: 

IR  = R,  - Rt  x 100 
R. 

where: 	IR  = percent inhibition based on specific 
growth rate, 

Rc  = mean of the specific growth rates of the 
three-replicate control cultures, and 

Rt  = mean of the specific growth rates of the 
three-replicate cultures at each 
treatment level. 

The median effective concentration (EC50) and its 
corresponding 95% confidence limits were determined by 
using a linear regression of percent inhibition versus 
the logarithm of inean measured concentrations using SAS 
program. 

12.  REPORTED RESULTS : During the test, the temperature remained 
between 22.8 and 26.1 0C in all solutions. The pH of new and 
old test solutions ranged from 4.6 to 5.0 and 4.5 to 5.9, 
respectively. The total hardness, total alkalinity, and 
conductivity of the nutrient medium at test initiation were 
530 mg/L as CaCO3 , 5 mg/L as CaCO3i  and 605 uS/cm, 
respectively. 

The tebuthiuron concentration at each treatment remained 
relatively stable Over the 7-day test periOd. The mean 
measured concentrations were 0.0050, 0.0096, 0.049, 0.091, 
0.19, 0.38, and 0.78 mg/L, representing 91 to 100% of the 
nominal values. On test day 4, increases (18 to 42%) in the 
concentration of tebuthiuron were measured at all treatment 
levels (Table 2, attached), resulting from excessive 
evaporation of the test solution over the first four days of 
the study when the test vessels were loosely covered with a 
sheet of clear Plexiglas. 

Table 3(attached) presents specific growth rates for the 
control and each treatment level. The mean frond count in 
the control cultures increased from the inoculation level of 
9 to 734 on test day 14. This period of rapid vegetative 
reproduction was considered to represent the logarithmic 
phase and was used to determine the specific growth rate for 
each replicate culture. No signi.ficant decrease in specific 
growth rate relati.ve  to the control was observed at mean 
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measured concentrations of <0.091 mg/L. Specific growth 
rates at test concentrations of >0.19 mg/L were 
significantly (p < 0.05) lower than those of the control. 
Based on the mean specific growth rate, the NOEC for 
tebuthiuron was 0.091 mg/L. 

Mean frond and plant counts of the duckweed at test 
termination (day 7) are presented in Table 4(attached). At 
mean measured concentrations of <0.091 mg/L, the cell counts 
on day 7 were not significantly reduced when compared to 
those in the control. Significant reductions in frond and 
plant counts were found between the control values and those 
at concentrations of  >0.19 mg/L. Based on the frond and 
plant counts at test termination, the NOEC for tebuthiuron 
was 0.091 mg/L. 

Biomass measurements at each test level at test termination 
are summarized in Table 4(attached). No significant 
reductions in biomass were observed at test concentrations 
of <0.091 mg/L when compared to the control. Significant 
decreases in biomass were found at test concentrations of 
>0.19 mg/L. Based on the duckweed biomass, the NOEC was 
0.091 mg/L. 

The calculated values of growth inhibition for the control 
and each treatment were shown in Table 3(attached). The 
percentage inhibition data at test concentrations of >0.049 
were used to calculate the EC50 value. The EC50 determined 
from a regression analysis was 0.235 mg/L with a 95% 
confidence interval of 0.151 and 0.389 mg/L. The slope of 
the regression line and the y-intercept were 84.10 and 
102.96, respectively. The coefficient of determination (R Z ) 

was 0.95. 

13. STUDY AIIT80RoS CONCLUSIONS/OUALITY ASSURANCE MEASIIRES: 
The NOEC of tebuthiuron for L. ig bba  was 0.091 mg/L. When 
compared to the control cultures, specific growth rates, 
frond and plant counts at test termination, and biomass were 
significantly reduced at test concentrations of >0.19 mg/L. 
Using the specific growth rate during the logarithmic phase 
of reproduction as an indicator of the duckweed growth, the 
EC50 value with 95% confidence limits was 0.235 (0.151- 
0.389) mg/L. The slope of the dose-response curve was 
84.10. 

Several inspections had been conducted during the course of 
the study by the Quality Assurance Unit of Lilly Research 
Laboratories for compliance with the OECD GLP standards. A 
GLP statement was included in the report. 

5 
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14. REVIEWER'S DISCIISSION AND INTERPRETATION OF STUDY RESIILTS: 

A. Test Procedure: The test procedure and the report were 
generally in accordance with the SEP and Subdivision J 
guidelines ;  except for the following deviations: 

o The maximum label rate was not provided in the 
report. Therefore, it could not be determined if the 
concentrations tested were less than the maximum label 
rate as though it were applied directly to the surface 
of a*15-cm water column. 

o Only three plants per replicate were used. The SEP 
recommends the use of five plants per replicate for 
Lemna. 

o The EC25 value was not reported. 

B. Statistical Analysis: The reviewer calculated EC50 and EC25 
values for each growth parameter using a regression 
analysis. All calculations are attached. The EC50 value 
based on specific growth rate (0.234 mg/L) was similar to 
that calculated by the author (0.235 mg/L). However, the 
estimation based on the biomass yielded the lowest EC50 and 
EC25 (i.e., 0.135 and 0.066 mg/L, respectively). Therefore, 
these values should be used in the ri.sk  assessment of 
tebuthiuron. 

Analysis of variance (ANOVA) with a multiple comparison 
(Dunnett's) test was performed on the day-14 frond counts, 
day-14 plant counts, and day-14 biomass to compare the 
values at each treatment level to those of the control. The 
printouts are attached. The results confi.rmed the analyses 
performed by the authors. Test concentrations of >0.19 mg/L 
significantly (p = 0.01) decreased the frond counts, plant 
counts, and biomass of L.ig bba when compared to the control 
values. Since the raw data on specific growth rate were not 
submitted, the ANOVA on this parameter could not be 
verified. 

C. Diseussion,/Results: This study is scientifically sound. 
Based on the biomass on day 14, the EC25 and EC50 values of 
tebuthiuron for L.ig bba were 0.066 and 0.135 mg/L mean 
measured concentrations, respectively. Based on the 
decrease in frond counts, plant counts, and biomass at 
tebuthiuron test concentrations of >0.19 mg/L and the 
calculated EC25 above, the NOEC was determined to be <0.066 
mg/ L . 
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D. Adequacy of the Study: 

(1) Classification: Core. 

(2) Rationale: N/A. 

(3) Repairability: N/A. 

15. COMPLETION OF ONE-LINER: Yes, January 10, 1990. 

7 

k-:11 



TQ_01~e_-P 
r}y\. 	t1o. 	Ic>5 5t7 1  Cheeicni Nace 	u.,rov)Chmfcal Glaas 	pags 	~ 	of 	~ 

Study/Species/Lab/ 	Chemiml RsviawMr/ 	vaildati 
Ac c e s s io n Statu-  
14-Day Single Dose Oral LD 

SD LD50 e 
957k' C.L . 

rnej/{cq 	( 	 T` Contr. t7ost. (X) ~ 

Species Slepe- Animal.i/tAveh AQ&(Vayys) ~ 

Lab 
 

Acc .  

14-Day Single Dose Oral LD  50 tDSC ~ 

95X C.L 
~~ . ( 	—~~ ' soe~tr. A1=t. (%) ~ 

S p ec ie s S loQn+ 4 An ivaia/Lavelw AqeCUays ) ~ 
~ . 

Lab  14~ay lbse tavel ma/k_ a/4X Mt3stallt~ ?  

A c c .  Canments: 
8-Day Dietary LC50  23X C.L.  

LL3o • pAn 	( 	 ) cottts'. Mprt. (•1C) _ 
Species S,aps. OL MiMalsAeM1 ■ /y~et ~ys ) ■ 

Sex ~ 

Lab 9ose Lea►el aan/CxMbctal tty) 

Acc.  

8-Day Dietary LCSfl  9Sx C.ti  
GG30 ~ Q¢s t 	 ~ CGflt!'. 1'bi' ~. (X)' ~ 

S p ec i e s 
sloW * Mimatls/Lom1B A4e.( *rrs )- 

Sex s r 
Lab  Dosa (.avsl ~►/l~M~etaafty)  

Acc. 	 Camwnts_ - 

48 -Hour LC50 	 9sx c.t ~.  
LeS'0 ~ 	p~,_ t 	 ) 	tontr., Mst.iX)• 

Species 	 Sol. Gonts. MordU) ~ 
Slqw 	Miiaslx/t.&vel+ 

Lab 	 T~~ s  48-!{ouz Doar. sa.vel Ba / ~XHozt ~tl3tY) 	• 	 — 

ACc.  
C.QiClRT(fi2 

EC 	 ®w ~ y►  -. 	i ctwU46 s°  
14-Dc~ 	50 	

9SX c.f~. 	 ~ . 
`( t 	 ~o ~ 0, t 35 pQ~L1 t 	 ) 	Con. ix~) 

 

S p ec ies 1~ lZw~ i+~A.,  tiG' •~~~1. 	~~ ~-9 ,~}* 	 w1~ q
>;of. Cc~. tlor. 3~ ~~R PK  

t  Lab -96 hsDiRe~~Do~ Ltv~l 	̀ ,a 

( 	),o• ~ { 	I,o. 	c 4~-). ©.3gt 	),o• { q 
, 	 . 

Ac c .  N.~.t D ~4 ~o Qo~ —  o ~. 	ca~a+ts: ~ ~ ~aa~~~ Cs~c,~• t~e•~i~ W , ~4► '+k 1C = ~crt 4~ ~ . 

Species 

9SX C. 
pp_. 

Sia~• 	* kstm`.Is/t~1• 

Gon. Mart. ( X) n 
SOl. c1Y+. mi&. (x) a 

s 

fft~~.t~EY~~r  

'l. i iti";,~atl 
~t= PIg , ~Eq 
._.._. ~_. 

ACc. 	
CCQ+a•rntsf 	 • 



r 
0 w 
~ 

~ 
~ 
~ 
~ 
~ 
» 
~ 
~ 
~ 
~ 

~ 

a 
~ 

~ 
~ 
~ 
~ 
~ 

~ * ~ 
~ 

.. 
~ 
~ 

> 

0D 

C7 

0 
	

(O"N 	 w 

	

T1 
	 Li 

TABLE 2. ANALYZED CONCENTttATIONS OF TEBUTHIURON IN TifE TEST SOLUt'IONS DURINC A 14-DAY 
EXPOSURE 08  Lemna glbba . STllDY J00588. N 

~ 

Analyied Tebuthiuron Concentration (mg/L) 

Test 0.0 
Day Sample (Control) 0.005 0.01 0,05 0.1 0.2 0.4 0.8 

0 Newa  NDc  0.0048 0.011 0.048 0,10 0.20 0.41 0,84 

4 Oldb  ND 0,0062 0.013 0.068 0.13 0.26 0.51 1.01 
New ND 0.0039 0.0082 0.041 0.083 ;  0.19 0.37 0.78 

8 Old ND 0.0034 0.0074 0.034 0.069 	' 0.16 0.29 0,64 
New ND 0.0060 0.010 0.054 0.088 0.20 0.41 0.83 

11 Old ND 0.0050 0.0083 0,047 0.076 0.16 0.33 0.65 
New ND 0.0056 0.010 0.055 0.098 0.20 0,39 0.84 

14 Old ND 0.0049 0.0089 0.048 0,082 0,16 0.32 0.63 

Mean ND 0.0050 0.0096 . 	0.049 0.091 0.19 0.38 0.78 
t SD t0.0010 t0.0018 0.010 t0.019 *0.034 0.069 t0.13 

a "New° refers to samples collected from treatment'stock solutions used to renew the test solutions. 

b "Old" refers to samples cotlected'by pooling aliquots from the three replicates at each treatment prior to 
renewal. 

c  ND a None detected (i.e., <0.0005 mg/L). 
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16 	 TABLE 3. INHIBITION OF  LemnaiB bba  REPRODUCTION BY TEBUTHIURON AS- 
MEASUI.<D BY SPECIFIC GROTaTH RATE. STUDY J005$8. 

Average Analyzed 	 Specific 
Tebuthiuron 	 Grovth Ratea 	Percent b  

Concentration (mg/L) 	(1/day) 	 Inhibition 

	

L.~TvL . ND 	 0.149 	 0.0 
(Control) 	 ±0.003 

—~ ,3'n 	0.0050 	 0.145 	 2.7 
, 	+0.009 

	

0.0096 	 0.148 	 0.9 

	

~ 	 ±0.011 

	

0.049 	 0.145 	 2,9 
+0.008 

	

0.091 	 0.137 	 8.3 ' 
+0.004 

	

0.19 	 0.104* 	 30.4 
t0.008 

	

~ 	— O• ~} 20 ~ 0,38 	 0.039* 	 73.7 
±0.013 

	

 

0.78 	 0.005* 	 96.9 
, 	 +0.002 

* Significantly less than the control (pdD.05). 

	

~ 	a !lean ± SD, na3. The grovth rate of each replicate culture vas 
estimated vith the regression equation: 1og10(N) $ R•t + 1og10(NO)' 
vhere N = frond count, 

R= specific grovth rate (day 1 ), 
t = time (days), and 
NO  = initial frond count (nine). 

R -R 
b  Calculated by the equation: IR  = c t  x 100, 

R 
vhere IR  = percent inhibition based Qn specific grovth rate, 

Rc  = mean of the specific grovth rates.of the three replicate 
control cultures, and 

Rt  a mean of the specific grovth`rates of the three replicate 
cultures at each treatment level. 

C 	
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~ TABLE 4. 	FROND COUNTS, PLANT COUNTS, AND BIONASS OF  Lemna gibba  
POPULATIONS. EXPOSED TO TgB1TfSIURON FflR 14 DAYS. 
STUDY J00588. 

. F  

Average 
Analyzed Duckveeda  Duckveeda  Duckveedb  

Tebuthiuron Plant Count Frond Count Biomass On 
Concentration On Day 14 On Day 14 Day 14 (mg) 

(mg/L) 

---- ND ~~~  
e4'^ t-  169.3 734.3 85.4 

- (Control) ±15.7 +17.0 ±1.9 

~ --- ~ • 3° 1 Q 0.0050 140.7 
±35.7 

777.3  ` (p 
+110.0 

103.5  
+19.8 

- 02 • D ~~ ~ 0.0096 166.7 796.3 -- ~ 96:9  
±50.1 +258.0 +46.8 

- ~ • ~p~ ~ 0.0449 125.0 766.7 - ~ 97.7 ~ L} 
t49.3 ±190.1 ±23.2 

- ~ - 04' l O 0.091 118.0 592.3 19 55.0 'a~^ ~ ±29.3 ±70.2 ±8.3 

ok 0.19 47.3 273. 0* 20.0 1 -4 
+11.0 ±48.4 +4.9  

0 ;Z 	0.38 11.3 31. 7* 3. 4*  ~(p  
±4.0 +10.5 ±1.7 

~ - O. 10 ~ 9 0.78 5.3*  11.3* G~c~ 1.7*  
±0.6 +1.2 ±0.3 

* Significantly different from the control (p D.05). 

a  tlean + SD, n=3. 

b  Hean ± SD, n=3. Neasured as dry veight of duckveed plants. 

❑ 
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~ 
INHIBITION ~ r-MwkA 

ESTIMATED Y ERROR 
28.1633 -9.1633 
56.04306 6.956944 
82.28385 13.71615 
109~5098 -11.50977 

[~
---- 

{~^
~ 

-----  
 CA- 

REGRESSION EQUATIONc 
Y= 103.111 + 84.31854 X 

COEFFICIENT OF CORRELATION= ,9733929 

ACTUAL VERSUG ESTIMATED VALUES 
X=LOG CONCENTRATION Y=PERCENT 

DATA pOINT 	X 	 Y 
1 	 -1.3098 	3 
2 	 -1.041 	 8 
3 	 -^7212 	 30 
4 	 -.4202 	 74 

INHIBITION (GROWTH RATE) 
ESTIMATED Y 	ERROR 
-7.329392 10~32939 

15.33543 -7.335434 
42.30051 -12.30051 
67.68039 6~319611 
94.01307 2,986931 

Z~~--  

REGRESGION EQUATION: 
Y= 118~9164  + 87.17873 X 

COEFFICIENT OF CORRELATION= .943228 

ACTUAL VERSUS ESTIMATED VALUES 

DATA POINT X Y 
1 -1.041 19 
2 -.7212 63 
3 -.4202 96 
4 -.1079 98 

	

X-s-  z 0 ^
02

^~- 	 ~ - 

	

" 	~ ._ 
~ 
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REGRESSION EQUATION: 
Y= 118.9949 + 79,4351 X 

ACTUAL VERSUS ESTIMATED VALUES 

DATA POINT X Y 
1 -1.3098 14 
2 -1.041 ' 24 
3 -.7212 77 
4 -.4202 96 
5 -.1079 98 

INH%BITION (BIOMASS) 
ESTIMATED Y 	ERROR 

14.95075 -.95075'23 
36.30291 -12.30291 
61.70626 15.29374 
85.61623 10.38377 
110,4238 -12.42381 

—Q ~~ ~ ~~_~~~ L 	/ __.~ 	
~
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Analysis of Variance 	 File: TEBUT3 	 Date: 01-08-1989 

FILTER: None 

N's, means and standard deviations based on dependent variable: FCOUNT 

* Indicates statistics are collapsed over this factor 

Factors: 	C N Mean S.D. 
* 24 493.3750 344.1200 
1 COV~Amk 3 734.3333 17.0392 
2 e*.00S 3 777.3333 109.9651 
3 O.00cI6^ 3 796.3333 257.9890 
4 o,049 	̂ 3 766.6667 190.1166 
5 a'Owt1 	%0 3 592.3333 70.2306 
6 0,\q 	w 3 237.0000 48.4458 
7 0.3"T 	» 3 31.6667 10.5040 
8 3 11.3333 1.1547 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDZ)DDDDDDDDDDDDDDDDDDDDDDDDDDDDl)Dl7 
Fmax for testing homogeneity of between subjects variances:49)18.75 
Number of variances= 8 	df per variance= 2. . 
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD D DDDDDDDDDDDDDDDDDDDDDDDDI>DZJDDDDDDDD 
Analysis of Variance Dependent variable: 	FCOUNT 

Source 	 df 
Between Subjects 23 

C (CONC) 	 7 
Sub' w Groups 	16 

SS (H) 
2723627.5000 
2478675.0000 
244952.5000 

MSS 	F 	P 

354096.4400 23.129 0.0000 
15309.5312 

~ 



Analysis of Variance 	 File: TEBUT3 	 Date: 01-08-1989 

FILTER: None 

Post-hoc tests for factor C (CONC) 

Level Mean Level Mean 
1 734.333 6 237.000 
2 777.333 7 31.667 
3 796.333 8 11.333 
4 766.667 
5 592.333 

Comparison Dunnett 
1<2 
1<3 
1<4 
1>5 
1 > 6 0.0100 ~~~ "' 
1 > 7 0.0100  
1 > 8 0.0100  
2 < 3 N.A. 
2 > 4 N.A. 
2 > 5 N.A. 
2 > 6 N.A. 
2 > 7 N.A. 
2 > 8 N.A. 
3 > 4 N.A. 
3 > 5 N.A. 
3 > 6 N.A. 
3 > 7 N.A. 
3 > 8 N~A. 
4 > 5 N.A. 
4 > 6 N.A~ 
4 > 7 N.A. 
4 > 8 N.A. 
5 > 6 N.A. 
5 > 7 N.A. 
5 > 8 N.A. 
6 > 7 N.A. 
6 > 8 N.A. 
7 > 8 N.A. 

For Dunnett's test only the P-values .05 and ~01 are possible 
and only for comparisons with the control mean (level 1). 

~ 

° 	.. 



Analysis of Variance 	 File: TEBUT4 	 Date: 01-08-1989 

FILTER: None 

N's, means and standard deviations based on dependent variable: PCOUNT 

* Indicates statistics are collapsedover this factor 

Factors: 	C N Mean S.D. 
* 24 97.9583 68.8972 
1 3 169.3333 15.6950 
2 ~~ .o*«y ~~ 	~"~&. 3 140.6667 35.7258 
3 3 166.6667 50.1431 
4 3 125~0000 49.2747 
5 3 118.0000 29.3087 	

` 

6 tg 3 47.3333 10.9697 
7 ~~.~~^~ 	w 3 11.3333 4.0415 
8 ~~,~~~~ 	̀ 3 5.3333 0.5774 

DDl7DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDB%}l}D 
Fmax for testing homogeneity of between subjects variances: 7543.00 
Number of variances= 8 	df per variance= 2. ,_ ` 
DDDl7DDDDDDDDD D DDDDDDl)DDDDDDDDDDDDDDDDDDDDBDDDDBDl}D D DDDDDBD D 2}DDl~DD~~B8~)D~~ DDD%}Df)DI> ' 
Analysis of Variance 	 Dependent variable: PCOUNT ~ 

' 

Source df 	SS (H) MSS F 
~ 

P 
Between Sub'ects 23 	109176.9530 

C (CONC) 7 	94254.9610 	13464.9941 14.438 0.0000 
Subj w Groups 16 	14921.9922 932.6245 

0 



Analysis of Variance 	 FiIe: TEBUT4 	 Date: 01-08-1989 
` - 

FILTER: None  
' - 
~ 

Post-hoc tests for factor C (CONC) 

Level Mean Level Mean 
1 169.333 6 47'333 
2 140.667 7 11.333 
3 166.667 8 5.333 
4 125.000 
5 118.000 

Comparison Dunnett 
1>2 
1>3 
1>4 
1>5 
1 > 6 JL 0.0100 ~' 
1 > 7 0.0100 .* 
1 > 8 0.0100 .4 
2 < 3 N.A. 
2 > 4 N.A. 
2 > 5 N.A. 
2 > 6 N.A. 
2 > 7 N.A. 
2 > 8 N.A. 
3 > 4 N.A. 
3 > 5 N.A. 
3 > 6 N.A. 
3 > 7 N.A. 
3 > 8 N.A. 
4 > 5 N.A. 
4 > 6 N.A. 
4 > 7 N.A. 
4 > 8 N.A. 
5 > 6 N.A. 
5 > 7 M.A. 
5 > 8 N.A. 
G > 7 N.A. 
6 > 8 ~ ~  A. `' 
7 > 8 . 	N.A. 

For Dunnett"os t-est onlY the P-values .05 and .01 are possible 
and only for- comparisons with the control mean (level 1).. 

'^ /. 	' 



Analysis of Variance 	 File: TEBUT5 	 Date: 01-08-1989 
' 

FILTER: None  

~ 
N's, means and standard deviations based on dependent variable: BIOMASS 

* Indicates statistics are collapsed over this factor 

Factors: 	C N Mean S.D. 
* 24 59.2125 45.2318 
1 cw&tm~ 3 85.4000 1.8520 
2 o.ocis ~w~

) ~, 	 3 103.5000 19.7919 
3 ~,«~~ L" ~

' 	
3 96.9333 46.8504 

4 C>,0~~ ` ~ 	 3 97. 7333 23.1865 
5 ~~ ' 	: ~ 	 3 . 	~^ 64 933 ~ 8 2978 	

` 
. 

6 C> ' ~~' * 	 3 . 20 O~33 4 8439 . 
7 C*,3% ° 	 3 3.4333 1.6503 
8 0  -IA 3 1.7333 0.3055 

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDI7DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDl}%yDD 
Fmax for testing homogeneity of between subjects variances:23517.47 
Number of variances= 8 df per variance= 	2.  
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDBDDDDDDDDDDDDBDDDDDI>DDDDD`DDDDDDDDDDDDDDDD 
Analysis of Variance Dependent variable: BIOMASS 

Source df SS (H) 
	

MSS F P 
Between Subjects 23 47056.0820 

C (CONC) 7 40610.3670 	5801.4810 14.401 0.0(}00 
Subj w Groups 16 6445.7148 	402.8572 

mi  
u~ ~ 
~y 



Analysis of Variance 
- 

' 

FILTER: None ` 
' 

Post-hoc tests 
_ 

for factor C (CONC) 

Level Mean Level Mean 
1 85.400 6 20.033 
2 103.500 7 3.433 
3 96.933 8 1.733 
4 97.733 
5 64.933 

File: TEBUT5 

E 

Comparison Dunnett 
1<2 
1<3 
1<4 
1>5 
1 > 6 0.0100* 0 ^1 ^9 
1 > 7 ~~ 0.0100 ` ~~. s~ 	

" 

1 > 8 0.0100 ~~  

2 > 3 N.A. ~ 

2 > 4 N.A. 
2 > 5 N.A. 
2 > 6 N.A. 
2 > 7 N.A. 
2 > 8 N.A. 
3 < 4 N.A. 
3 > 5 N.A. 
3 > 6 N.A. 
3 > 7 N.A. 
3 > 8 N.A. 
4 > 5 N.A. 
4 > 6 N.A. 
4 > 7 N.A. 
4 > 8 N.A. 
5 > 6 N.A. 
5 > 7 N.A. 
5 > 8 N.A. 
6 > 7 ^ 	N.f4. - 
6 > 8 N°»4. 
7 > 8 N.A" 

For Dunnett's test only the P-values .05 and .01 are possible 
and only for comparisons with the control mean (level 	1). 

» ~ .~ ~~ 



lewis tebuthiuron lemna frond count 

CONC. 	NUMBER NUMBER PERCENT BINOMIAL 
EXPOSEO DEAD DEAD PROB.(PERCENT) 

.78 	100„ . 98 98 0 

.38 	10 96 96 0 

.19 	106. 63 63 0 

.091 	l 19 0 

.049 	100 " 0 0 0 
9.600001E-03 100 0 0 

.005 	100 0 0 0 

THE BINOMIAL TEST SHOWS THAT .091 AND .19 CAN BE 
USED AS STATISTICALLY SOUND CONSERVATIVE 95 PERCENT 
CONFIDENCE LIMITS, BECAUSE THE ACTUAL CONFIDENCE LEVEL 
ASSOCIATED WITH THESE LIMITS IS GREATER THAN 95 PERCENT. 

AN APPROXIMATE LC50 FOR THIS SET OF DATA IS .1543143 

RESULTS CALCULATED USING THE 	VT)#G ` ~ERAGE METT-fQEF 
SPAN 	G 	 f~,..l~~t} 	 95 PERCErJT COI~r.1~ DEhaCE LiMIT:S .. 

5 	1.618376E-02 	 1,620" 	e 139M8 

RESULTS CALCULATED USING THE PROBIT METHOD 
ITERATIONS 	 G 	 H 

GOODNESS OF FIT PROBABILITY 
6 	 .101908 	2.780902 

1.622689E-02 

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED 
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USEO. 

SLOPE = 	 3.998358 
95 PERCENT CONFIDENCE LIMITS = 2.721961 	AND 	5.274755 

LC50 = 	.1586298 	 - 
95 PERCENT CONFIDENCE LIMITS =.1281473 AND .1966771 

L C 10 = 	..0763404. ' 
95 PERCENT-COWIDENCE t.IMITS -= 5.030507E-02 AND 9.828933E-02 

0 

~ ~ 
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